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" This report has been reviewed by the.Office of Energy, Minerals, and
Industry, U.S. Environmental Protection Agency, and approved for publica-
tion. Approval does not signify that the. contents necessarily reflect the

views and policies of the U.S. Environmental Protection Agency, nor-dpes
~ mention of trade names or commercial products constitute endorsemegt or -

recommendation for use.
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When this study began we 355umed that euff1CTent dete and ene1ys1s
would be available for the contracter to collect and intégrate into a -
useful report show1ng the energy costs of the federal environmental
protection program. ' We-were SW1ft1y disapused of this nntien for the
following reasofis: x . .

1. Most est1metes of peT1ut1on control energy EGStS that

were exapined by the contractor are difficult to accept; = . -

assumptions are not stated, methodology is poorly
_ described, and, when the ane]yses could be foltowed,
. # we felt that many were inadequate.

2. The federe1, state and local roles in pe]]ut1en T
control are intertwined to such an extent that it
-. is virtually impossible to convincingly break out
L the federal share. In this report, therefore,
- - energy costs are given as the total costs of all
e controls in a single medijum (air or water) rather
’then for a single federal statute. o .

3. The: 1enger term 1ndustry reepcnse to pe]lutiun controls.
' is .complex and involves proces$ changes, material sub-
- stitutions, and lack of compliance as welllas installation
- of "end-of-pipe" treatments. AneTyses of energy costs of
pollution control, ircluding this“qne, typically assume
end-of-pipe treatment for most industries. This produces
a conservative (high) estimate of energy costs, since pretess
changes ‘may allow satisfaction of environmental standards
with zero energy costs and pees1b?y w1thJEHer§y sev1ngs

4. D1fferencee-1n pe11ut1en eentre1 energy use from plant to
plant can be’large, suggesting that a disaggregated epproech
would greatly improve atcuracy. Th1s -type.of approach is
beyond- the resourceS‘Qiéthis study. ) _

5, Data on the energy costs of various control e]ternetiveeeie'é ’

‘not uniformly available or is quite. variable.

é.i Designs of some important controls - such “as_ flue gas , o
scrubbers - are changing se rapidly that energy costs for
future systems are highly uncertain.

Al
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.The implication of these analytical dif%ﬁculties is that the estimates
presented here must be treated with caution. The estimates for the totaT
national enhergy cost for stationary point source control are probably
reasonably indicative of what will actually occur. Since the estimates are
based on conservative assumptions (from EPA's viewpoint), the actual cost
may be somewhat Tower. On the other hand, the energy cost estimates for
a single industry are subject to such substantfal potential for error that
they are not presented in the text. EPA's Office of Planning and Evaluation
is now conducting more detailed studies of those industries that appear to
be incurring, or that will incur, large energy costs for environmental
controls. These industries- include elestric utilities, iron and steel,

- petroleum refining, copper and aluminum, pulp and paper, and’a "miscellaneous"
category covering S.I1.C. codes 21 through-30. Coppietion of these studies .
~Should :upgrade the national estimates as well as shed light on any potential

\for reducing these energy costs. ..
- The estimated energy required for water and air pollution control of
" stationary point sources in the U.S. is two percent of the natiom's energy
- consumption in-1977 and three percent iw 1983 (Recent charnges in both the
Clean Air Act and the Federal Water Pollution. Control Act are not considered
~ ° in thé analysis). This is an enormous amount of energy, over three -
quadrillion BTU (the equivalent of 150 million tgns of.coal) per year by 1983.
However, to put ‘this into perspective, the natich's energy budget is growing
by about this percentage every year:. Thus, if environmental controfs on air
~and water pollution were eliminated, the net decrease in ehergy use would be
swallowed up by growth in demand in_one -year. . :

. eve Plotkin )
Office of Energy, Minerals,
and Industry _ :

. ~ ‘ o




v . PREFACE
S F““"ﬂl v R )
. - » . L # .
This study is a continuation of an earlier effort* to estimate the energy
required to meet pollution standards for stationary point sources. One ob- -
jéctiye of this investigation was to develop forecasts of national energy de-
mands both to operate pollution control devices and.to manufacture-and supply
materials used to build the devices. The other goal was to make it possible -
for others to modify or update the estimates without having to redo the entire )
study. - ' : 1

The analysis presented here used information obtained since the earlier °
report was published. Significant ‘changes have occurred in the expected costs
of pollution control, and these changes are reflected in the energy estimates.
Furthermore, this study dogs not (for the most part) attempt td differentiate
between the total cost for pollution control and that increment of cost di-
rectly attributable to specific federal regulations, as didﬂghe earlier study.
Consequently, foretasts of energy needed toysupport pollutioh control gener311%:
"are larger in this report thdn they were in the earlier one. i

i~

o ' _ :
. The report is divided into three major sections and two ;Ependices:

Section 1.0 is a summary of energy requirements to control air and water S
< pollution from industrial plants, electric power plants, and :
municipal wastewater treatment plants. The summary presents
study results and some key assumptions and Timitations that
influence the results.

Section 2.0 presenté the calculations ty which estimates of energy to
: control water pollution were determined. The section is

subdivided -into three parts, examining energy needed for
control of industria} water pollution, electric power plant
thermal pollution and municipal wastewater. y L

T ST e T Tt o T s T ] R N T s

Section 3.0 contains-a discussion of how the (estimated. energy require-
ments for air pollutjon were developed. It is subdivided
into an analysis of the reduction of industrial air pollution -
and a study of electric power plant air pollution coﬁtro]i

Appendix A compares the Eﬂergyiestimates of this report with those of ’

N the earlier study and with estimates4hade by other organizations. -

. .
Appendix B is d bibliography of the articles, reports,.books and other
. source material used for the analysis. '

* First-Order Estimates of Potential Energy Consumption Implications of
Federal Air and Water Pollutiop Control Standards -for Stationary Sources,
prepared for, the Envircnmental Protection Agency by Development Sciences
Inc. July 1975, Contract No. 58=D1=249?; \
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- ABSTRACT -

This report presents estimates of the energy demand attributable
-to environmental control of pollution from "stationary point sources."
This class of pollution source includes powerplants, factories, . .
refineries, municipal waste water treatment plants, etc. but excludes
"mobile sources" - automobjles,, trucks, etc. - and:"non-point sources"
- sources which do not produce individggi effluent streams, such as
some types of farms, mines, etc. N . .
* The enerty requiéyments of pollution contrpl arise from several -
sources. Energy is réquired to operate components of the control
devices ~ fans, pupps, reheaters, etc. - In some cases,’' the egdfipment
degrades the efficiency of the process it controls, vequiring additional
fuel. to mgjntain the product stream. Energy is required to mine, refine,
and assembl® the material components of the control equipment, transport
them to the site, and install the equjipment. Finally, energy is required

"~ to produce and transport materials used up in the control process - such

as limestone, chlorine, etc. The calculations in this report include
estimates of all of these energies, ?1though with varying degrees of
accuracy. . .

veydf s report was submitted in fulfiliment of Contract 68-01-4150 by : -
Devélopment, Sciences, Inc. under the sponsorship of the B=S. Environmental
Protection Agency. ) . -

‘
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1.0  SUMMARY '
Pollution control is dependent upon the  commitment of resources, and
4

energy is among the resources necessary to install and operate devices that.
reduce air and water pollution. Because energy <s an important resource '
currently in short supply qin the United States, there has been concern among
many regarding the energy necessary for pollution abatement. The purpose of
this study was to estimate the amount ‘'of energy required to control pollution

from 'stationary point sources. - é‘

The energy needs reported in this study are,first order approximations.
Aligaﬁgh they are as accurate as existing data and time limitations would °
alldw, the estimates do not-substitute for detailed anglyses of individual °
pollution control systems and their energy characteristics. This is particu- .
larly true in those instances where several alternative pollution control '
systems are being considered for a specific application. Accordingly, the
results should be %ggarded as representing the proper magnitude of energy re-
quirements rather than as precisely determining those requirements. .

The findings of the study are that more than 1,500 trillion Btu of energy
will be needed in 1977 for control of air and water pollution from stationary
sources. This amounts to approximately two percent of the estimated 1977
national energy use. Within the next decade energy used for control of pol-
lution- from stationary sources is expected to nearly double to approximately
3,100 trillion Btu, which at that time will be on the order of three percent

- of the national energy budget. ’ T " ‘

Table 1-1 displays the results. More th%ﬂ two-thirds of the total
energy required for pollution control, both for 1977 and 1983, will be used
to mitigate the environmental impacts of industrial procéssing. The largest-
demands will be energy for industrial air pollution control, followed by de-
mands associated with industrial water pollution. The third largest require-
ments will be for the control of air pollutants from electric power plants.
Control of water pollution at electric power plants and new municipal waste-
water treatment plamts will use smaller-amounts of energy. ’

: The results of Table 1-1 include both direct and _indirect energy re-
quirements. Direct energy, in the form of fuels and electricity to operate
pollution control devices, accounts for about 80 percent of the total. In- ..
direct energy, including the energy equivalent of chemicals used in pollution
control’ and energy used to manufacture and install pollution abatement de-
vices, is the remaining 20 percent. ’

The findings presented in the table result from data and assumptions,

that should be carefully studied. For the most part, data were derived .
from estimates of pollution control costs and from projections of the numbers

s
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of facilities that would.be required to.meetenvironmental standards. Neither
kind of estimate yields "hard" inforﬁatian“ﬁhat can. precisely deffine the ex-*
tent to which pollution control equipment will be -<installed and Jperated in
the future. Consequently, assumptions and data sources are presented in each’

following section so that they can’be examinediredtly.

—"  TABLE 1-%. STATIONARY POINT SOURCES: ,
ENERGY WFQUIRED FOR WATER AND AIR POLLUTION CONTROL
__ A . _ ’ ! .= __

—— = —

- - Energy Required
. (1012 Bty)

__Sector 1977 1983 .

Water Pollution Control : | } - . _
Industrial = ’ \ oy ~ Vg | odo
‘ 93-

Power Plant (Thermal) T 156"
Municipal Wastewater : - - -, 151

Subtota] Co 572 1,396

Air Pollution Control _ :
Industrial S 676 . 1,179
Power Plant - 305 500
Subtotal - Lo 981 1,679
TOTAL STATIONARY POINT SOURCES ‘ 1,553 3,075

(APPROXIMATE % OF U.S. ENERGY CONSUMPTION)*x * (2) i3/

* No estimate for 1977. See-discussion in Section 2.3.° L

** Percentages of sector (e.g., industrial) energy consumption for pollution
abatement are not presented here. This ‘is because the estimates which ap-
pear 1in this report include "indirect" energy, some of which is consumed by .
sectors other than the one reported. '

Energy estimates are the major objective of this report; hdﬁever, their
development led to many other important findings. These discoveries concern
both the process of making enengy estimates and the features of pollution con-
trol sectors. They are listed below. - : . :

General o : - T
( - :
1. Statistical data ot energy use in technological proceszses usually

are not available, and this is particularly so of the new and changing

technologies used for pollution control. Where enerqy data exist, .

they are otten incomplete. Moreover, the rules and assumptions by whith, -

energy information is reported are often incompatibVe from one study to

another and comparizon of yasults 1o i Ffieg .

N
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. The eét?ﬁgte made for this repowt are highly dependent on fore- -
casts of po]’ut19n control costs. Various organizations and :
agencies disagree as to both the.extent and the types of pollution
control that will be required to satisfy environmental legislation,
and they project different costs. As a result, energy estimates
can vary, depending on underlying assumptions of the Faft estbimates.

(]

3. A]thaugh pollution control enerqy estimates have been Feported for
1977 and 1983 to correspond with the pr1nc1pa] target years of en-
vironmental legislation .(e.g. PL 92-500), maximum energy requiree
ments may Qccur during other years. For example, new municipal
wa%tewater treatment plants constructed to meet federal standards

-will be built.,throughout the 1980s and major expenditures for in-
dustrial air pollution control are expected before 1983, as are

. those for industrial water paT]ut1nn contro] -

4, Irdirect energy is a S1gﬂ1chant fraction of the total energy needed:
* to support pollution.control. The indirect energy isffainhy due to
the chemicals’ required ‘as input to the abatement fechmquer used by
the various sectors. ’,

‘ Water Po]lution Control

5. The numbers of electric power plants that will need cooling towers
is uncertain, and the uncertainty fundamentally determines the re-
1iability of the thermal pollution control energy estimates.

/° 6. Efergy consumption to operate cooling towers at electric power
plants varies with plamt size, efficiency and kind. For equal

A\ units of electrical @utput, larger plants (with larger cooling
towers) consume less energy than do smaller plants, more effi-
cient plants are 1EEF energy consumptive than less efficient
‘plants, and fossil fueled plants need less cooling and are lTess

energy intensive than nuclear.plants.

7. The ener y 1nfen 1t1§f_nf municipal wastewater plants increase
f1gn1f1gaﬂt1y from primary to secondary treatment Tevels and

from secondary to.tertiary treatment levels. e

8. The energy cost for certain advanced methods of treating the
chemical Jludger from wastewater treatment plants can be partially
offset by savings in indirect (chemical) energy if the method re-
covers useful chemi&aTér(%,g, in the recalcination of chemical
sludges to recover lime). _ : )

9. The wide variation of treatment techniques and waste stream compo-
sitions within industry (e.g. across subsectors and plant sizes)
makes it difficult to develop-a reliable measure of energy con-

sumption for water pollution control. Imposition of end-of-pipe

s



10.

¥

‘treatment assumptions on industries which may change their production

processes to reduce pollutants, to recover, vaTuable materials,.and/or
to conserve energy is not always reasonabbé and may cause the energy
e5t1mate5 to be overztated .

There does not exist across industrial sectors a general and system-
atic. relationship among investment in.pollution control qgu1pment
costs to operate and maintain the equipment, and energy consumption
by the equipment. However, for any.given sector, a coefficient re-
lating energy consumption to capital investment is the best available

. bafis for developing energy estimates from aggregate cost “data.

11.

12.

A

The chemical industry will consume much more energy for. water po11ut1on

control than any other industrial sector. The paper and machinery in-

~dustries are the next most energy consumptive sectors.

The energy consumption associated with producing chemicals for in- -

dustrial water pollution control devices is significant coipared to

" the direct operating energy required.

&

Air Pollution Control

13.

14.

15,

16.

17.

The amount of energy consumed by coal-burning power plants for
stack gas scrubbers. depends critically on: (a§ availability of
Tow sulfur coal; (b) the timing and extent of compliance with

federal air quality standards; and (c) the timing and scope of ,
the State Implementation Plans. There does not appear to be

general agreement among federal agencies gn how much low sulfur
coal can be made ava11able to the utilities by the Tatter 70s and

ear1y 80s. i .

I

The ma30r1ty OF the~energy cons umpt10n by power p1ants for a1r Y

On a-unit ba515: stdck gas Qérubbing and ysing low-sulfur an] are
‘equally energy inteqsive.

[
Desulfurization oF residual oil at the refinery is up té 40 per-
cent more energy intensive than stack gas scrubbing. Howevers
for equivalent amounts of sulfur removal stack gas scrubbers cost
two to . three times:as much as oil desulfurization units.

The operating energy for removal of SOy (by limestone 'scrubbers)
and particulates (by electrostatic precipitators) depend very
1ittle on the amount of sulfur or “particulates in the stack
gases (over the "normal" range of fuel qualities).

i



18. The energy consumed in disposing of sludges from stack gas scrubbers
and in producing the limestone used by the scrubbers i® insignificant
compared to the energy consumed in operating the scrubbers.

19. Wet collectors are very e$ergy intensive; their application by in-
dustry to control air pollution may result in major energy consump-
tion/environmental quality inefficiencies. P

=

%
~ These findings supplement the energy estimates themselves. Like the
estimates however they should be reevaluated after Raving considered the
assumptions nee?ed to perform the analysis. . )
The findings indicate that detailed sector analyses are needed in .order
taxaéteﬁﬁine more fully the energy to support pollution control. It is 7
particularly.importarit that the industfial sectors~be studied since (a) they -
are the ones requiring the most energysand (b) they /have the largest variety
of possible responses to effect reduction in air and water -poilutants. For -~
- water pollution the chemical, paper and machinery industries are the most .
energy consumptive and should therefore be most closely studied; while for
air pollution the primary metals, chemical and petroleum industries are the
most important sectors for which to determine energy requirements. '

, Analyses should be made in enough depth to include accurate information
on indirect energy requirements. The data on chemicals used.for pollution
control processes are especially critical. Indirect energy can, in some

cases, significantly add to the energy requirements for pollution control.

! Discussions with members of the EPA staff have revealed that efforts to
refine energy data are currently underway and should result in improved '
estimates of the energy needed to control air and water pollution. The first
order approximations reported here can therefore be compared with the findings
~ of the more detailed study when it is.finished. Until then these data serve
y as useful indicators of the energy resource commitments that must be made to
\"protect air and water from stationary Point source emissions.

S .
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2.0 ENERGY REQUIRED FOR WATER POLLUTION CONTROL e
The 1972 Amendments to the Water Pollution Control Act mandated action -

-to produce major reductions in the pollution of United States water resources. o
Since the passage of the Amerdments, the EPA has been developing standards T

. and guidelines to affect the legislative intent. o
VfThe sections, that follow present the methodology, assumpti@ns?and re§u1t51§§§
of investigations to determine energy required to control water pclTﬁ?iQn.
- Three major divisions are covered. They are: :
o Water pollution abatement by industries , -
;; e Thermal pollution control by electric utilities = .
® MWastewater treatment by municipalities’ - ‘%%@»
Where possible, both direct operating and indirect energy havé_been-detérmined
and the results are divided accordingly. : .
, : kS
Summary estimates for water pollution control were presented in Table 1-1.
.2.17 Industrial Water Pollution Control - o 0T
. . 4
Since the 1972 Amendments to the Water Pollution Control Act; ipdusdyy’
has been planning its response to the effluent quidelines published by EPA.
The .demands on industry to utilize by 1977 the "best practicable™ kgchnologies
for controlling water pollution, and by 1983 to use the "best available" tech-
‘nology economically achievable, will have cost-industry over $15 billion in
new plant and equipment investments by 1977 and will cost+$34 billion by 1983,
These investments will result in major reductions in the amount of pollutants
annually discharged by sindustry into water bodies. .
A . i L
Industry camr-reduce water pollution in one or more of three ways:
e Traditional endadfipipe treatment of effluent to remove or reduce
7 harmful pollutants; and/or
. Chénges in production processes to reduce the quantjty or types of
pollutants generated; aﬁd/ar?x _ o N
o Reuse of effluents in the production process or as inputs to another
Lo production process. .

i ]
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The method chosen by any particular manufacturer depends on many factors
including his current production process, the age of his equipment, the size
-of his plant, the actions of his competitors, access to financing, the health
of his. business, awd the characteristics of the marketplace. Although there
\ is considerable evidence that many producers are responding to pellution reg-
| [ ulations by altering their production processes rather than by installing
“ relatively expensive and %anruduffive end-of-pipe treatment processes, the
paucity of compre ehensive information about both the creative responses of
some producers to pollut1nn problems, and, the unique circumstances of others
wno facte requlations’which may or may not ‘be sensitive to their part1cu1ar

i

]

i to asslime that gdl (or most) producers will install end- ‘of- pipe. treatment .-

% QPDFE:HGS in order to weat the guidelines establisked for theiy—ihdustries.

i { e

Y Tne fallowing subsectisns develop estimates of the energy cansequencej
wh1Lh accompany estimates of industrial investments for water pollution con--
%(ﬂ Thv data ag( dgy1ve1 ]ar;ply Fram Jtud19 done by EPA; and because

5ses, the energy estimates
ndrl1y fmr end- u~—w3)9 tre atmenf At such, “there may be over-
wihat may 1(rua11g occur once industry finalizes its responsess,
standards and to i pressures of raw materials shortages and

,Luttman

Les. [ ‘
AL
Met }ndmlaqy and Assumpfions © - 1 -
1elnoauiogy and AssUp LTS ;

’K The werhodolocy used to develop estimatesPof the direct and indirect |
2nér( 47 2 for contral of industrial water pollution includes five steps:
op 10 T “ From available data on the cost (by. industry) of

pot Lnevgy o “water pollution controls, detdymine d1ﬁ§ct energy
wumption gonzumﬁg1un coefficients based on capifal costs
Fficients B for the control Eé&ﬁhiqu@?.

%r v the same data, determine the indirect energy

at
efficients based on capital costs and
ion of chemicals.

4

onsumption coe
nnual consumpt

o,

VP!Dped by CE(, determine expected‘,
o wWater pD11utny1rDﬁtrol DY§jﬂU“tP

Invos
Fallu

=3 Ty

the {irect energy consurfed by all in- -
by muttiplying the energy. coéff1C1énteﬁyr
asted invastments: ifi control devices. ™

A Uipect Dnergy Using the 1nfz:mafwgn .developed in Steps. 1 and 3,

(J!‘umhtiu. foy Wnray estim
Pl Tt oo i SRR

the foren

p /\\%

ERIC | | -

Aruitoxt provided by Eic:

P
&
business situation, have caused nmost analysts of the impacts of the regulations

.



Step 5: Indirect "Using the information developed in Steps 2 andr3, .
“Energy Consumption estimate the energy consumed in the production of Y
for Water Pollution - chemicals and in the construction of industrial
Control : . pollution-control devices by multiplying the energy
' ‘ ) coefficients by the forecasted investments in =~ *
control devices.

" Thus, the methodology is based on the development of coefficients which
express\izgrgy consupption as a function of investment in pollution contrel
equipment? Although imperfect, this relationship is reasonable for making
fiﬁst—arder.estima;es of energy.requiremen;s{ The methodology also considers
two sources of indirect energy consumption--the energy required to produce the _
chemicals. used By pollution control devices and the energy used in the con- )
struction of control devices. : -7 -

The assumptions which{are necessary in order to develop the energy

H

= estimates include: . -8 .

- 1. The detailed estimates of capital, energy and chemical costs for water
e pollution control by industry made by Vanderbilt University* for EPA
' ,are reasonable at least in terfis of the relationship between capital
cost and the two categoriedqf operating costs, ‘
2. The energy costs reported by Vanderbilt Universjty are all costs for -
# electric power. - A - . .
< 4
3. Averaging of the energy coefficients from the mostly seven-digit SIC
data developed by Vanderbilt/-to a two-digit level, and across plant/~__
" sizes, produces macro energy coefficients which are representative of
the industry. Industries for which Vanderbilt does not report energy
costs will have energy coefficients similar to the BVEF?QE of all

industries for which data are reported, . ’ ¢

o
)

4, IﬂdustQ;ES'Far which ﬂgBderE}&t does not’repart types of chemicals
consumed will usd a mix of eqial amounts of the various chemicals
reported for other industries. e,

_ _ .
5. Industry will primarily employ end-of-pipe treatment for the control
of water pollution, ** v ' : :

*  Vanderbilt University's study of water pollution control cbsts was used
by EPA for the 1975 "Cost of Clean Environment" report, :

** Although this-assumption is necessary for-this analysis, evidence is

. mounting that some industries are moving toward process change as a
¢/ method for both reducing pollutant generation and improving produetion
- efficiency and/or production economics.

T T . ' - /




e \_ o .

\ «g“““&.ﬁ% ‘ ( - N -
R - -1 . ) . ; - i L - .

» 6. CEQ's estimates, by industry, of investment for water pollution con-
ytrol are reasonable. . : - ' .

7. Capital expenditure is the best single indicator QF‘éﬁérgy consumption
_ for themix of control techniqués within a particular industry.

8. Investments made through a given year (e.g. 1976) realize operating /5?
costs in the following year (e.g. 1977). Thus, investments in pollution
control devices, through 1976 are the basis for calcuiating energy con-
sumption in 1977, : 1ffSF%a§- | _

~ i . r 4 e 5 , , .

' 9. Capital equipment will last-20 years, and therefore the energy equiva-

( Tent of capital equipment is "amortized" over a 20-year period.
. ; ( . , g

- - ! , . -

Energy Demands for Industrial Water Pollution Control
’ \ L‘G “ . . . .
The energy cgﬁéﬁ%ptian coefficients used for ghis analysis were derived
after a detailed analysis of typical plant data for 81 industrial sectors
(at the seven-digit SIC level) and three diffgrent plant, sizes. ‘The objective
of the detailed analysis of the 243 data points was to determine whether a
statistically valid relationdhip among energy:cost, capital cost and 0&M cost
for water pollution control existed across the.industrial sectors. Because
of constantly changing estimates-of industry expenditures for abatement of
water pollution, and because of the paucity of energy data, it was hoped that
a.general equation could be developed which would permit the prediction of
energy cost given P&M and capital cost estimates. I
\
k The analysis proved that energy consumption for water pollution control
* is sector (6r even plant) specific, and that generalization across sectors
" does not accurately predict the energy usage of any of the sectors. This
finding reflects the variabilities which exist in industrial approgches, to
pollution control. These variabilities, in turn, reflect differefices among
many parameters, including waste stream conposition, plant size and age,
local conditions, behavior of individual decisioh-makers and plant engineers,
and production process mixes within specific manufacturing facilities. The
Ainding from this analysis lends support to the argument for gathering better
data on the energy consumption characteristics of various abatement techniques
being used or developed by:industry, and for developing better forecastg of
the population and processing throughput of the techniques.

g

The analysis of data on the 81 sectors did produce information which
wa® useful for developing the energy estimates contained in this report. ;
“First, it wds detériined that, when the data on the 81 sectors were collapsed
to the roughty two-digit SIC level used by CEQ for its pollution control ctost
estimating, the average of the individual energy cost to capital cogt ratios
-provided forecasts of energy cost from the aggregated capital cost which were
réasonably close te forecasts developed -from the individual components.
Second, statistical amalysis showed that inforimation on total 0&M cost did
not improve the predictive atcuraty of the energy to capital cost ratio.

Y
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For the purposes of this study, then, it was decided to base the energy -
estimates on forecasts of capital expenditures by major industrial sectors
and on average energy to capital ratios for the various sectors. . Although
this approach is crude, the results produced are likely to at least reason-
ably represent (in the total). the magnitude of ener consumption associated
with given industrial investments in water pollutivh centrol, -
S i '
The estimates of energy requirements for water pollution control are

* -derived By converting energy cost/capital cost ratios for, the industrial
sectors to coefficients of the form Btuf$ capital. These coefficients are
then used to‘ca1gu]a§§gthe sector energy- consumption associated with CEQ's
“investment fegfcastsi ) -

Tﬁe_invesfmenﬁs for water pollution canipé? by industry will be,

according to CEQ: = . — -
- $15.334 billion through 1976 - a
- §34.260 billion thjough 1982 : . ,
x ' - : = . . . . e
Over 80 percent of these #nvestments will occur iﬁxfive (of twelve)
industries: B ’ L
A -t . . #
- Chemicals (27% of totéi) _-af , /g
- - Petroleum refining (17%) t /

- Paper and allied products (15%)
Primary metals (12%) , :
Food & kindred products (11%) §

The investments in water pollution control for each industry signifi-

- cantly affected by Amendments to the Water Act are shown in Table 2-1. The
table also shows the energy coefficients used for each industrial sector,

- dfd the resultant forecasts of direct energy consumption for.1977 and 1983.
The most notable feature of the energy consumption forecasts is that although
the chemicals industry is éstimated to spend 27 percent of the total water
pollution control investment by industry, its -energy “consumption. is 53 per-
cent of the-total..’

v
a

. Direct operating energy is not the only energy requirement for water
-Rollution control. In addition to Dperating‘en%r;? there is energy "contained"
“in the chemicals and other materials used to build and supply poltlution con-
trol devices. These indirect energies can sometimeS-be major contributors
to the total energy required for pollution control.

L Table 2-2 lists the energy eauivalents.of chemicals used for water pol-

y lution control. In order to determine the igdirect energy due to chemicals,

" the conversion coefficients relating.energy to costs (last column) were used.
They were multiplied by the cost of chemicals as a fraction of total capital
investment. This process is illustrated in Table ?2-3. For most industries
annual chemical costs are three cents per dollar of investment and the
average energy/cost coefficient of 311,000 Btu/$ is used. The resulting 1in-
direct energy required for chemicals is in some industries larger than the

10 ‘ ’
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TABLE 2- 1 ANNUAL DIRECT ENERGY REQUIRED FOR INDUSTRIAC NATER PDLLUTION CONTRDL )

Cumu1at1ve D1rect Energy D1rect Energy
| X Ca ital Investment - Coefficient Required
) Industry | (M1111Dn; Df 1975 $P (1000 Btu/$)* : &?012 Btu)\
J o tB . 19701983
Primary Metals > - 1,852 T A SRS I " EAN
Machinery /- 809 4,809 "”1754 B T

¥ ¢

Transpgrtation Equipﬁent: 500. 1,108 [ 17.54 9 19
Stone, Clay and Glass [ A 16.85 S
Other Durables ey e 115 Mmoo
Chemicals EEAU AT w6 10 3
Textiles . . . 3 589 17.54 70
Rubber - 0 10 1 17,5 4]
aper 0089 4% | 168 1
petroleun 0,556 4,599 - 8.6 2
fod - 665 2,026+ 22.03 7
Other Nondurables A 21.65 5
N TOTALS 15,39 *?a,zeo_ R 326 13

S - B

120
] ot

( ,.
liw“3ﬂ ﬁ =

* Fue1 equ1va1ent af e1egtr1c1ty Equaﬂ 10, bbD Btu per Lwh ,




. direct operating energy (compare Tables 2-Z and 2-3). fﬁhe averag® indipect
" " chemical energy of all industries is 37 percent of direct operating energy,
and therefore it is an important part of thé total energy requ1red for water

p511ut1uﬁ control. .

=

L.

5 TABLE 2-2. ENEREY EQUIVALENTS OF SELECTED CHEMICAESW
— __Chemical _ o) " Btutper Pound . < ¢ ; Btu per 1975 $
= _ — er found . )
Activated Carbon 12,100 . 173,000
Lime : 2,500 342,000
. . Sulfuric Acid N ’ 1,400 A 107000 ™—
\ Soda Ash ' ~ v 19,080 © 155,000
A .o chloride S - 14,500 © 397,000
; Methanol. . . R 14,000¢ ’ 599,000 .
. Polymer o . 27,800 268,000
Ammonia ' . 25,000 ., ’ 450,000
| AVERAGE - 311,000 °

Y m

— = = T = ¥

£ 3

g! The other k1nd oﬁ*1nd1rect energy, Cﬁnstruct10n energy, was estimated
_.from capital investment also. “Using dollar-to-Btu conversion coefficients
derived for capital equipment, and assuming 20-year life for pollution con- |
trol equ1pment; an annual energy equivalent for construction was deggloped. - *
Table 2-4 1ists the indirect energy associated with construction. #t can be
segn by comparison with Table 2-1 'that indirect energy due to construction

does not add significantly to energy needed for direct 0perat1Dn

direct: Energy for watér pDT1ut1Dn control. #ab1é 2-5 summarizes energy re-
quirements for the industrial sectors. According to itg-results, in 1977
some 479 trillion Btu will be needed to reduce industrial water poliution,
and that total will more than double to 1,079 trillion Btu in 1983.

) : }T -
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- - Chermca] Cnst Chenﬁca’l Energy Chem1cals
) ;3 '* Cap1ta’| Investment - - Copfficient Coefficient Energy Requir&
" Industry (mﬂhuns nf 1975 $) ($/$ InVestment) (1000 Btu/$)* (10 Btu)
o o 1 e R
Pf1mary Metals o e 4;074 o0 o %
fackfhery,, T8 4808 008, | mo et
Transportation Equipment SO0 1,108 oo S M50
Stone, Clay and Glass>; ~ * 154 . 243 0.0 M1
Other Durables . . ; 61,656 0,00 M b
Chemicals 4,198 9,561 0,030 Rk 2 80
Textiles 4;;§§ P 17 R X IR | IO R
mbber o Ye @ W Qa% - M 1y
paper © 2,89 496 L0000 ey a6
Petrn1eum RO £ R X RN X I || R
Food ¢ . LS 26 0ms oA AT
Other Nondurables o B0 0.0, Mme o .2 _4

. : . . _
VTS 45 3%, %, T O

* Fue1 equwa]ent Df e?ectmmty equa]s ]0 660 Btu pemh
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L i THBLE 2- 4, U oo
\ CONSTRUCTIGN ANNUAL INDIRECT ENERGY REQUIRED FOR 1|~u:n.|sfgk;glf HATER PDLLUTION CDNTRGL

1 ';- . L B Construct1nn Energy Canstruct1nn

Cndistyy {miTrions of 1975 §) (1000 Btu/$)* . (1012 Bu).

Capital Investnent  Coefficient Ener ‘Required

s

C o emooaws 18 1963
Primry Metals  gge e |
© Machinery 809 4,809

| Transpartatiun Equipment 500 1,108
Stone, Clay and Glass 154 3
Other Duréb]gs 637 1.,6%. - .
.. Chemicals o - 4,398 9,51 .
Jatiles .m0 s
CRubber o b
CPaper @ 0089 496
o Perolewn T8 4,59

=_Fm,sd* e 2,0
Other Nondurables . _28 3%

[ T T
— P
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TDTALS S5 M0 . - - 3 68
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2.2 Control of Thermal Pollution from El

ectric Power Plants

Studies by the EPA indicate that by 1977 almost $800 million will* have
been spent by members of the electric utility industry on methods for con-

trolling thermal water .pollution.
increased to over $1.2 billion.

the final guidelines on thermal pollution abatement, published by EPA?

By 1983 it is estimated the cost will have.
The expenditures will be made ‘to conform to

These

1 T ¥ F ‘L”;, ]
T . . B
\E : < oL . ) g-,-:
TABLE 2-5.. ANNUAL TOTAL ENERGY REQUIRED -
= FOR iNDUSTRTAL WATER POLLUTION CONTROL_ F
- ”f?i?**léﬁ,; T Total Eneray Requ1red .
B S ?ﬁ E Btu)

i Industry . 1977 1983 .

N—— 1 S - —_— = &
Pr1mary Metals f;f;ﬁ': 30, 65
“Machinery ‘ L R e o 139
Transportation- Equipment : L B 15 e 32
Stone, Clay and Glass ” TR 4 : 7
Other Durables-. T . 18 49
- Chemicals e 200 456
- Textiles o n 16
Rubber- . - 3 .5
Paper- ’ 65, ‘ 140

Petroleum P 51- e 927
Féod S 50 65
Other Nondurables 9 .14
TOTAL - ¢ .¢v g 479 1,079

— . — . : ek

guidelines exempt plants of certain sizes, ages, and 1ocations, but most plants
covered by the reguTat1ons will require elaborate equipment to reduce thenna1

“impact on nearby bodies of water.

¥

Estimates of energy that will be used to manufacture, insta11:and!operatg

cooling equipment are developed in the fDTTOw1ng pages.

Mechanica

1 forced- .

draft cooling towers have been selected -as the typical control method that. w1l]

be used to meet the guidelines.

Plants for which cooling towers will be em-

p1oyed for econamic rather than enwironmental reasons are not included in the

Methodglogy and Assumptions

The nEthodo1ogy emploged far arriving. at estimates of energy cgnsumptiﬁnf
by power p1ants for control of thermal pocllution FD11DW§ f1ve stdps:

e
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Detérmine the operating energy requ1red for

mechanical forced-draft \cooling towers as a
A{ynctTBn of piant size ;§€~%yﬁe
;1, " Step 2 Capacity Determine the total. geaerat1ng capacaty§uh1ch
* Requiring Cooling :" requires cooling tnwers in tgrms of plant size ﬁ
. Towers L and type. YR _ ST

- Step:3: Direct: | Using the information from the pﬁeviaus step,

. Energy Cnﬂsamedffbf calculate the energy consumed: by electric i
‘ Controlling Thermai~ ut111t1es in meet1ng the thermal po]Iut1on re- '
Pollution . regu]at1on3 . 7
Capacitifgggﬁr The e1ectr161ty to run the thermal pajJution contiol
<% equipment is supplied by the power plant. 'Using
D e . : i the estimates obtained in Step 3, estimate the
: ©  capacity additions ndtessary and the “energy X
‘ ' : ' cost" of those additions. . .a“;;?{'
. R Steg 5: Materia]s From the estimates of capacity requiring; cooling |
Energy Penalty +  towers (Step.2);-estimate -the energy cost of g
. constructing cooting towers. o
L The key assumptinns Hsed in the an31y51s 1nc1ude 7 b (i -
. 1 Mechan1ca1 forced-draft ceD]1ng towers are répresentative af dev1ces
used by utilities to control thermal pollution. .
2. The aperat1ng eff1c1ency of cooling towers increases with the size of N
- the tower (and therefore with plant size). Consequently, energy for ‘
coo11ng, per unit of e1ectr1c1ty generated decreases as the plant-size y
increases. : ‘

3. The energy requ1red to operate a cooling tower is dTFECt]y proportional
to the amount-of cooiing required, which, in turn, is directly related.
to plant efficiency, load factor and heat loss to the atmoaphere

4. Fossil and nuclear power plant operating eff1c1enc1es, 34 percent and
32 percent respectively, will not change between 1977 and 1983; Load
’ and capacity.factors will be as was Qub%13hed by EPA. *?

- 5. Est1m&tes cf generating capac1ty requ1r1ng cooling towers are der1ved
from the publication listed in Step 4. .

5

L * Temp1e, Barker & S]Gane, Inc Econcmic and F1nanc1a1 Ihpacts é?’Federa1

nical R'e'p’art for U.S. EPA, May m?&
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6. Generating capacity w111 have tn ‘be added %o rep1ace that wh h js. used
for thermal pollution control. The additienal generating capaci y re-

- gf sults in an energy equivalent fnr construction of new generating -~

fa£i1ities

. The published estimated. cost<a¥itoal1ng tawers is reasan&b]gg* " The+y
~energy for.cooling towér construct1an is 36,925 Btu/$ (1/0 Séctur 1103**
Public Ut111tinon§truc§§gn) *%

.}\Nl‘

F
g’~'

Requirements for Mechan1ca1 Forced-Dtgft Cooling Tewers \

As a result of the effluen gu1ﬁe1]nes, in~1977 some 17.2¥x 105 kw of
nuc}eay capacity and .56. 49-%1 “kwdbf fossil capacity will héve stalle
cooling towers. By 1983,.29. 03:x. 106 kw of nuclear capacity wilk i‘qurf
co6lipg towers, while 91.1°x.106 kw of f65511 will be impacted by’ the gitde-

Energy Demandsmfar_ﬂechanigéjéFbrcedzpraft Cga]iﬁg

Evaluation of the operating characteristics of forced-draft cao]1ng
towers suggests that, with 15 pércent and 5 percent heat loss tn the atmos-
phere for fossil fuel and nuclear plants respectively, the energy penalty
associated with oﬁerat1ng the dev1ces w111 be (by plant s1ze) PR

ENERGY FOR QPERATING MECHANICAL FORCED-DRAFT COOLING TOWERS
(kwh per Megawatthour)

,\;

Flﬁnt,gapa;jtg Fossil Fuel Plants - - Nuclear Plants
50 Megawatt o , - 34.2 : 42.2
150 Megawatt 1 - 33.2 41.0
500' Megawatt L, . 27.0 ' 33.4
E 900 Megawatt - - 24.0 R . 29.6
1500 Megawatt 21.4 / | 26.4°
3 - ’ 22.7

. 3000 Megawatt o .. 18.

Air and Water Pollution Controls on the Electric Ut111ty Industry, Tech-

. * Temp1e, Barker & S]aan, Inc. Economic and Financial Impacts of Federal

nical Repart for U.S. EPA, May 1976.

“**  Development Sciences,Inc., App11cat1gh of Net Enerqgy Analysis to Consumer

Technologies. Report to U.S. ERDA, Contract E(49- 1)-3847, .Dec. 1976. !

Rk Jimeson, R.M; G.G. Adkins; "W ste Heat Disposal in Power Plants," Chem1ca1

‘Eng1neer1ng Progress, Vol. 67, No. 7 (Ju1y 1971), 6
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‘ Data on thé distribution of expected cgoling tower-installations by plant
capacity are fiot readiTy available. However, it can be assumed that the dis-
., tribution of installations: by size of plant will follow closely.the projected
=" ~distribution of new thermal power plant capacity. -Analysis of Edison Electric  :
~Institute™s 59th Electric Power Survey (April, 1976) indicates g plant dis- ¥
tribution of: <+’ S ' . Lo

R - .
EEE N

: S DISTRIBUTION OF PROJECTED NEW ' . _)_
P . THERMAL POWER RLANT CAPACITY . . - . .| |
(Approximate Percentages of Total -New Capacity, by Type of Rlant)

gi _Plant_Capacity . .. -Fossil:Fuel Plants - Nuclear Plants
- T : SR - . A

- 150 Megawatt ' 6% - -
500 Megawatt 62% o -
900 Megawatt - - 24% : ~  b8%

T,500 Megawatt and Greater ; __ 8% - _42%

o Y IR 100% oo 100%

#..*  The weighted average ‘operating épergy for cooling towers, calculated by
-combihing the two previous tables, is'26.2 kwh per megawatt hour fon fossil
plants, and 28.3 kwh per megawatt hour -for nuclear plants.- These eStimates
include the energy required to operate the cooling equipment as well as. some ,

" losses/in turbine efficiency caused™by. back pressure. . Given the ‘generatign for’
each plant type in 1977 and 1983, «fhe opérating energy penalty is 91 x 10!2 Bty
in 1977 and 153 x. 1012 Bty in 1983. . _

y} Energy Demands for Capacity Replacement’ Ty
- __.In the case OFEEUC1ear“gen ation the-opgrating energy penalty is 2.8
‘percent of input ene¥gy while fQr fossil fuel generation the energy penalty
is 2.5 percent. Consequently, the capacity penalty is assumed to be 2.8 per-
cent and 2.5 percent fgr'nuciear and fossil plants, respectively.

Given the required capacity additions (equal to the percent capacity
penalty multiplied by capacity affected), the 1975 cost of that additional
capacity, the energy intensity of construction [measured in Btu/$(1975)], and
an assumed 20-year life for the equipment, the capacity p?gaity is estimated
for 1977 to be 0.9 x 10'2 Btu and for 1983 to be 1.5 x 101¢ Btu.

N
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Hater1a1s Eneggy Estigggg : ;7-

The materials energy estimate is based]ﬂn cco] ng -t tawer_;nsta]]gilnn ;ﬂsts

- of $5 77 per. ki]nwﬁff’capac1ty (1975 da11ar§t *" Using: the -energy :intensity. of

' ;anstru?t1un, the mﬁ%er1a1s e ergy equivale

=

- P " .
B . : ‘ Lo
L H s B N

is 16 x 1012 Btu for 1977 and

Summary of- Resufts ,

" The energy for meet1ng therm;}‘water po11ut1nn regu]atigns both 1in 1977 L
and 1983 is summarized in Table 2-6. Major energy requirements are those for
dir” operating energy; the capacity pena1ty and materials energy equva1ents
e upnonly a small fraction, of the totat. - The energy for controlling thermal
water pollution from-electric power plants ingreases by 67 percent from 93~
tr11T1n Bty in 1977 to 156 trillion Btu in 1983 -

H N ) ‘-A #

o,
u, "
e
b
’

) -

Temp]e Barker & Sloane, Inc.,-Economic and F1nanc1a1 Impacts of Federal '
Air and Water Pollution Contra]s on the Electric Ut111ty Industry, Tech-
nical Report for U.S. EPA, May 1976, page I1I1-24. The $5.77 per kilowatt

is the cost for new units. While the cost for retraf1ts is more than four
times as great, it was assumed that ’the new unit cost 1s most representative
for the energy ca]céiat10n

QIQ

/ 30

v "25 x 1012 Btu for 1983. fzing over 20 years, -the, annua1 materials energy
- wi: total for 1977 is D£ X 1D12 Btu and for 1983 is 1.3, xﬁgﬁ Btu. -1
i “i‘ s - - S = F 3 B . . i! -



TABLE 2-6. DIRECT AND INDIRECT ANNUAL ENERGY REQUIRED FOR

___. POWER PLANT FORCED-DRAFT COOLING TOMERS: Y977 AND 1983 .
) s T ~ Energy. Required e

L I o . .(1012 Btu) ~
- — Type - T 7 7 19717 _ ,19_3% .
Fossil Fuel — -
N Operating Energy . . ..
- “"Gapacity Penalgy -
" _Materials Eneryy

Subtotal
Nuclear Fuel T v

. . . B = . f = = . - . :
Syt N - .. sLtes . T
- R SR . = T L e . LT Lot T
a C L N : A
. - s . Sy % o . B
- - . - - s 5 v . . ]
P . : -
x

I

;E~La:qE:'
|

Operating Efergy .~ / L S 7
Capagity Penalty * SR !
. Materials Enérgy- o
Subtatal . R Y S Y
AN Plants\. - . o0 0T L _
¢ Operating Energy / : -9 o .183 {
" Capacity Penalty / . g S
Materials Energy "
Total = -

— . -
' . o .. 7 '
N S Y
. o o a ey o n )
. " hd ; - . e 1,./

/ i
2.3 Municipal-Wastewdter, Treatmeryt: * o ~§b Ly ,
_Lbcal governments have been collecting and treating sewage as a matter t

of course for many years. In 1976, approximately 75 percent ‘of the Untted '~
States' population was served by sewer systems, and more than 90 percent of
the collected sewage was treated in either a-primary or secondary treatment
~ plant before discharge to ‘the water or land. However, the Améndments®to the

Water PoHution Tontrol Act require higher average levels for treating sewage
*wastes so that additional fdcilities will be needed.

According to estimates derived from-EPA's 1976 Survey of Needs for Minjc-
ipal Wastewater Treatment Facilities, almost $27 billion will have to be spent
to bring all treatment plants into conformity with the standards called for by '
thé Amendments.‘&Neariy $10 billion will be spent to build secondary treat-
_ment plants, and the remaining $17 billion will bé used to construct tertiary
- treatment facilities.* As the comp]exiti of treatment increases from secondary
toﬁﬁertiary processes, costs.and operatihg energy go up dramatically. : : .

* ﬁhe basis for thesejéstimatés is an_unpublished analysis by CEQ of the 1976
"Needs" data. DSI recognizes that Cesults of the Needs Survey are difficult
to interpret and that certain of the“data appear to contradict actual and

. 1ikely practices at the local level. Some of these data problems will be
alleviated when EPA has received and analyzed the plans prepared under
Section 208 of PL 92-500. : .
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In the pages. that follow estimates are deve]aéed to determine both
ct and indirect energy associated with impﬁovement in municipal yaste! ;

ﬂit r tFEEtMEht.

e

|
hado;;gy and Assumpt1ﬂns S

g

Energy estimates were made us%ng a f@ur—stepgmethodb1agy ».%il.@? :

DetETmine the number and size of new treatment

pc11ut1on standards Ca]cu1ate total f1aw rates
through neu-pTants

Determ1ne the d15tr1but1an of levels and t&pes
- of treatment that will be added 1n Qrder to con- -

- form to the standards. i
St% 3: Treatment " * " Determine the diregt and indirect Energ_y requwed
nit Energy = to treat a unit flow of wastewater for each type -
v Characteristics : ’ .Df treqtment in Step 2.
o Ste 4: Total Energylrz Fram thé flow rates . through new.plant t'tep 1)
.. Required to Mebt and the energy characteristics for ynit flow
" WastewaterrTreatment - (Step 3), calculate total direft an 1na\r%;t
Standards o .n"fgnergy-farfwastewater treatment. <

e S

=
L

Thg methada]ogy is based on simplifying the mix QF plant sizes, d351gns

by Culp, Wesner and Culp, 1976.

]

.

levels and types of treatment, and costs to a few representat1ve units. It
’requires five key assumpt1ons They are: .
1‘ "Needs Survey “data give guod e;iimates of communities requiring added
treatment facilities. _
2. Plant size can be estimated, from the population of the community served,
using a F1Dw rate of 100 ga]]nns per person per day.
3. The energy requirements of sewage treatment facilities are directly
proportional to the plant size, so that unit .treatment Ehar?cterjst1cs
® apply to allﬁgﬂants regardless of size. :
4., Unit processes can be determined from standard 30 m1111on gajion per
day plants described in a recent EPA report.*
{f Energy Conservat1an in Mun1c1p31 Wastewater Treatment prepared for: EPA
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5. Future secondary treatment processes will be activated sludge, . . __
-~ oxidation ponds and trickling f11ter, in the ratio of 5/3/2 . ~
respectively.* .

s | | »
The D§l~staff is concerned about the validity:of these ast mptions. For

- examp]e, it is not clear that the "Needs Survey" accurately prije 's future . <
V,J% séwage treatment requirements (assumption 1) nor can much confilehce be
~ placed in a 1inear rélationship between plant size and energy. ',racter1st1cs

Ff4€§5umpt1an 3). However, within the ‘constraints imposed. bx this. project, the
assumptions are thought to be acceptable. Numbers of new treatment plants
are probably overestimated; the energy requireq per unit of wastewater finw,
using a Targe 30. MGD p]ant that is 1ikely more efficient per ‘unit than is the
averadge mix of plants, is probably underestimated. Thus, the errors resulting - .
from these assumptions at }east partly_cancel %?ch other, &nd energy estimates
are prabab?y in the proper range of magnitude? -

R Needs Survey data are not exactly attributable to ‘the year 1983. Many

'x'of the plants listed may be built laten in the 1980s. However, it has beén

medhthat energy estimates for all gew facilities apply to 1983.

e number and size of ne&\ﬁ;eatmemt facilities were estimated from dét@
® 1976 Survey of Needs for Mupicipal Wastewater Treatment Facilities.”
2-7 shows approximations for. populations of cofmunities served by new ~

t iftment‘famht’iess for numbérs of new facilities needed by treatment level,
and. for costs of those addq,mns. - he .
“ TABLE 2-7. ESTIMATES OF NEW WASTEWATER TREATMENT UNITS o ,
T . .- BY SIZE AND LEVEL OF TREATMENT " ;
Community Size TT ~Number of Units 7"771 ———Costs B
(thousands) " Primary Secondary Tertiary _ (billions of 1976 $)
0-2.5 : 9,670 13,070 3,570 12 C
2.5 - 5.0 800 1,620 520 2
5.0 - 15 r 800 1,830 650 3
15 =25 210 500 170 2
25 - 50 ! 180 410 130 2
50 -~ 100 100 240 90 2
100 80 220 90 5

TOTAL 11,840 17,890 5,220 - ! 27*

o = T ~ —= — = — T '777 -

* Individual costs d} not sum to tota’l cost etue tD 1ndependent roundmg
' Average community sizes were assumed to be half the range shownﬁjﬁTgﬁé
tab1e,‘and;p13nt size in gallons per day was estimated as 100 times the

I _ e

* Th1s ratm of treatment methods is based on the aforementioned mpubhshed
analysis by CEQ of 19;6 "Needs Survey" data.
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em*nunity pepu‘latien. Se, for examp’le, it is estimated thet 9,670 commiu=
_nities of. 1,250 people each will need new 125,000 gallon per dey primary
atment units,‘fer a total requiremen!’bf (9 70 x 125,000 gei!nns Per

;,ey) 1.2 billion gaTTans per day of new primary treatment capacity. Similar
calculations. for eacﬁ size and type of+ treatmen} yield the fm]]aw1ng results:

/ .

~ New Treatment Cepag1ty t
R 4 RECILH]‘Ed b
' (b1111en gallo

i

Treatment Léve er day)

N Primary ' ‘ . S+ 5.4
“  Secondary - ' a n.7
Tertiary , . C; 4.2

divided 1nte 5.85 b1111en*ga1lens per day ef activated e]udge treatment,

_3.51-billion gallons per day of oxidation pond treetmeg ,» and 2.34 billion !
g

"gallons per day of trickTing filter treatment according to the assumed dis-
tribution 5/372, respectively. . .

_,Fhe,gndief this section contains process schematics (Figure

feu _
. through. 2-4) and four tables (Tables 2-9 Eﬁrcugh 2-12) that desocribe étandard

30 million gallon per day treatment pIants The tables were used to obtain .
operating and chemical energy estimates for wastewater treatment. Data from
the four tables were divided into primary, secondary and (for Actiwated Sludge
with Nitrification, Chemical Clarification, Filtration and Carbon Adsnrpt1un?
tertiary treatment level processes. Operating and chemical energy require-
ments were then scaled to meet the capacity needs listed above.

Energy is used in the construction and maintenance of wastewater treat-
ment facilities. An estimate of the "indirect" energy requirements can be
obtained by converting the costs of facilities to energy equivalents. E5t1s

* . mating techniques have been developed to make cost-to-energy conversions,*

and these were applied to the costs reported in Table 2-7.

The conversion factor for mastewater treatment facilities was determined
to be 34,830 Btu per dollar irf constant 1976 dollars. Multiplying by the *
faeil§t1es cost ($27 billion] results in total energy requirements of approxi-
mately 940 trillion Btu. Facilities were "amortized" over 20-years, yielding.
‘a yearly energy requirement of 47 tri]?ion Btu. * ’ .

Table 2-8 shows both direct and indirect energy required for wastewater
treatmént. Atthough the indirect energy from the use of chemicals is not
large compared to direct operating energy,*the energy equivalent of treatment
plants and equ1pment contributes substantially to the total. Together the
chemical and "construction" energies are-57 perceni~as large as the direct
energy. The total annual energy required for new wastewater treatment facil-

ities will be 1§51 trillion Btu, eccard1ng to the estimates reported in
Tabbe 2-8.

* A d\gcuss1an of the estimating techniques can be found in Application of
Net Energy Analysis to Consumer Technologies, prepared for ERDA by DSI,
Decéﬁbér 1976. Append1x A.contains dollar-tgrenergy. conversion factbrs
fo¥ each of 357 economic sectors, including the public utility construct1en
sector used for estimates in this study. . .
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Tﬂé§5 2-8. ANNUAL ENERGY REQUIREMENTS
HICIPAL WASTEWATER TREATMENT: 1983+

E"E"‘Qg, Requirements ( 102 Btu**)

Treatment Level

~qotal

Primary s 5 : 6

Secondary . N
Trickling Filter 4

. Activated. Sludge a 23
Oxidgtion Ponds . 6

SUBTOTAL L 33
Tertiary 57

4

*kk

*hk

kK -

Ak
*kk

*h%

Direct Chemical Construction

R - . T o - - o - - 777i
TOTAE;zDEERATING 96\ 8 *hk 104
Energy Equivalent of Facilities 47 47

7

GRAND TQTAL . - 9

* -Nominal date

** Flectricity was converted to Btu at 10,660 Btu per kwh

§¢** Estimated for grand total only

24
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FIGURE 2-1. ACTIVATED SLUDGE WITH ANAEROBIC DIGESTION -~~~

iperomwt [rreLienany
JASTE WATEA ] TAEATMENT
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[famavity )
=\ ruicken)

——  WALATEWATER
sm===  SOLIDE

R

SLUDGE| -
———] oAving
BED
L
[

LAND DISPOSAL

i
. \PROCESS SCHEMATIC. ' | .

Source: Culp, Wesner and Cu1bi
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TABLE 2-9. ACTIVATED SLUDGE NITH ANAERDBIC DIGESTION
7 30 mgd PLANT CAPACITY
— N _ — —
. ~ Primary - Sécandahy
) Process Energy ‘Required- Energy Requ1red=
g _Thousand Million ' Thousand -
h _kwh/yr  Btu/yr _kwh/yr
Treatment Processes '
Raw Sewpge Pumping* 470.
- Preliminary Treatment* 102
-, Bar.Screen*
* Comminutor* -
Grit Removal-Aerated*
P Primary Sedimentation-Circular* 30
> *Aeration-Mechanical, 4,900
‘Secondary Sedimentation 250 , . )
Chlorination* _ 290 1,828
_‘SUBTOTAL* 6,042 1,828
Gravity Thicken** ) .8
Air Flotation Thicken** 1,250 . N
"Anaerobic Digestion** < 1, SDD 31,755 i
“Sludge Drying Bed** - 15 - -150 .
Land Disposal-Truck _ 1,400
- . SUBTOTAL 2,773 33,305
Building Heat* : 500
Building Cooling* TDD .
: SUBTOTAL 100 ,500
TOTAL TREATMENT PROCESSES 8,915 33,805 1,828

* Primary treatment

** Fifty percent primary, 50 percent secondary treatment .

Source: Culp, Wesner, and Culp
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FIGURE 2-2. OXIDATION Poquff
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Source: Culp, Wesner and Culp.
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C TABLE 2-10.° OXIDATION PONDS

‘ 30 mgd PLANT CAPACITY

" Process o o __Total Energy Required

Thousand Million
kyh/yr  _Btu/yr

Primary Energy ‘ o %

Raw Sewage Pumping . 470
Preliminary Treatment ‘ . ,22
Bar Screen
Comminutor
Aerated Pond o 7,400
' _ Chlorination ’ ~.290

TOTAL PRIMARY ENERGY , 8,182

secondary Energy -

Chlorine j 1,828

TOTAL PRIMARY AND SECONDARY : 10,010

-

Source: Culp, Wesner and Culp.
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FIGURE 2-3. TRICELINQ FILTER WITH COARSE FILTRATION .

ANAERO®K
DIOLNTION

.

- - . - T Y

Source: Culp, Wesner and Culp.
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’IABLE 2-11. TRICKLING FILTER (ROCK'MEDIA) WITH COARSE FILTRATION

J

€

4
5

30 mgd PLANT CAPACITY IN SOUTHERN UNITED STATES
- - - N !;777777\ — i '*’ n ~
" A C v Primary Secéndany
Treatment Processes Energy Requ1red Energy Required
N Thousand M11]1Gn ThDusand
T kwh/yr Btu/yr kwh[igj%h
Raw Sewage Pumping* \\ 470 -
Preliminary Treatment * 23
Bar Screen* r
Comminutor*
Grit Removal--Nonaerated*
Primary Sedimentation Circular* 30 te
Trickling Filter--High Rate,
Rock Media . 1,500 .
Secondary Sed1mentat1qn 35
{oarse Filter <930
. Chlorination* _ 290 1,828
SUBTOTAL 3,278 1,828
Gravity Thicken** 8
Aerobic Pigestion** 1,000 31,755
Drying Bed** . 15 7150
Land Disposal--Truck** b - 1,400
SUBTOTAL 1,823 33,305
Building Heat* . o 500
Building Cooling* ~ 4100~ o
' SUBTOTAL 100 500
TOTAL TREATﬁENT PROCESS ENERGY 4,401 33,805 1,828

* Primary Treatment

** 50 percent Primary, 50 percent Secondary Treatment

Source:

Energy Conservation in Municipal Wastewater Treatment.

for EPA by Culp, Wesner dnd Lu1 n, 1976,

30 1.,

Prepared °
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FIGUR

RE 2-4. ACTIVATED SLUDGE WITH NITRIFICATION,
CHEMICAL CLARIF

ICATION, FILTRATION AND CARBON ADSORPTION

= PEELIHIH.ARV TREATMENT
- PRIMARY SEDIMENTATION
= AERATIOH

= SECONDARY SEDIMENTATION

- MITRIFICATION ¥
= BEDWENTATION

7 - CHEMICAL CLARIFICATION (t.l!il

§ - MECARBONATION

] — * § = FLTRATION
B = SRANULAR b:fl\ﬁll Cul0N ADSONFTIN
— i1 = CHLORINATION
! 12 = CANBON REGENERATION

| i} = GRAVITY THLKEN

: i M = AR FLOTATION THIEKEN
; . i = AMAEROBIC DIMESTION
o - BUOSl DR D
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Source: Culp, Wesner and Culp.
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TABLE 2-12. ACTIVATED SLUDGE - TERTIARY,
30 mgd PLANT CAPACITY IN NORTHERN UNIFED STATES

o

Pr@cess ) \Vi . Total Energy Requ1red
. Tﬁbusand M11110n
o | _kwh/yr Btu/yr
Primary Energy L
. — Raw Sewage Pumfing ' T 470
- Preliminary Treatment - A
Bar Screen \ ! ¢
Comminutor . . o
A Grit Removal-~Aerated et
Primary ged1mentat1on——R9Ltangu1ar g
Aeration--Mechanical ’ i 4,900
« Secondary Sedimentation - 250
Nitrification--Suspended, Growth . 8,500
. Nitrification Sedimentation > 330
. Chemical Clarification (Lime) & Recarbonation 6,700 b
Filtration--Gravity ‘ 670 ‘
Chlorination . o ‘ 290
SUBTOTAL o 18,264
Thicken--Primary Sludge 7 g
Flotation Thicken i 1,250 :
Anaerobic Digestion : 1,500 : 57,000
A Sludge Drying Bed 15- 150
‘ Land Disposal=-Truck y o 1,400
SUBTOTAL | T 2,773 58,550
Thicken--Chemical STudge ' 15
Centrifuge ‘ 2,121
Lime Recalcination . 900 150,000
SUBTOTAL ) . 3,036 150,000 ~
Building Heating : . ) 1,500
Building Luo11nc : 7 L
VTOTAL PRIMARY ENERGY 24,080 210,050
Secondary Energy
- Lime. | : o 25,020
Chlorine . 1,828 -
TUTAL SECUHDARY. LNERGY 1,820 25,080
TOTAL FR II\\Y A.[ SECONDARY LNERGY 27,736 235,130
H]"] ( Il_l l) N A . - ) S
¥ y S ;

4 ) . - J b
v ) 4\1
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3.0 ENERGY REQUIRED FOR AIR POLLUTION CONTROL

The 1970 Amendments to the Clean Air Act-call for actions to reduce air.
pollution in the United States. The two sections that follow present esti-
mates of energy neadgd tQ comply with provisions of the Amendments They
are divided into: A » ‘

e

# Control of industrial air pollution ‘
e Control of S0y and particulate em1551ops from electric power p]ants

'Dn1y stationary point sources of po11ut1an are considered in these sections

and in this report. ,
;

3.1 Industria1 Air Pollution Contro]

than $16 b1111on on air po11ut1on control . equ1pment and that by 1983 more
than $28 billion will have been committed. These investments are intended to
result in major reductions in air pollution by industrial processes.

As in their approaches to water pollution control, industrial firms~are
seeking other than end-of-pipe techniques for meeting air quality standards.
In-plant process changes, including reuse of recovered pollutants and gener-
ation of valuable by-products from components of -emission streams, are in
competition with end-of-pipe techniques when and ?here,ecanom1c conditions

favor them.

. The following pages develop estimates of the energy Cansumpt1an impli-
cat10ns of forecasts of investments for control of industrial air pollution.-
These estimates are imprecise, first because the cost estimates on which tﬁéy*
aré,based generally assume end-of-pipe control of pollutants; and second, ‘be-
Cauie of scarcity of detailed operating data to support the cost est1mates

Sla - : ) o

Methodology and Assumptions

The methodology employed for arriving at estimates of the direct energy
requirements for industrial air pollution control includes five steps:

Step 1: Mix of From available (preliminary) data developed by
Control Devices’ Battelle for EPA,* determine the mix of pollution

control devices to be invested in by industry.

% Battelle provided EPA with total 0&M and capital cost data by control de-

~ vice and air regulation for a number of industrial sectors as part of
EPA' efforts in improving estimates of the cost Df environmental regula-



i

Operating - Fér the WE%DF air poution control techniques,
Energy/Cap1tg1 Cost develop information on the annual operating energy
of Devices - required by a typical device and on théd installed
(capital) cost of the device.
!/
Step 3: Energy For each of the devices analyzed in Step 2, cal-
onsumption ° ' Gulate energy consumption coefficients, using
Coefficients annual operating energy and capital cost as the
bases for the coefficients.
Steg 4: Investments Using the results DF Etep 1 and data published by CEQ*
in Air Pollution g on the investments by industry in air pollution control
Control equipment, determine the pattern of investments for
-~ air po11ut1an control by control device. )
Step 5: Direct Using the data deve]aped ih Steps 3 and 4, esti-
Energy Consumption mate the direct energy consumption by all industries
for Air PD11ut1on for air pollution control by multiplying the energy
Control coefficients by the forecasted investments in each
device.

Thus, the methodology uses operating data from typical devices, and a
forecast of device population, ‘to arrive at a national estimate of energy
requirements for industrial air pollution control.

The assuméti@ns used to deve1@p the energy estimaté are:

1. The pre11m1nary data- deve]oped by Battelle on investments by device
are representative of the mix of air pollution control devices which
will be employed by industry in the 1977-1983 time frame.

2. The‘data published in 1969 by HEW (National Air Pollution CDﬂth}» »
Administration) on the operating tharacteristics and costs of various
devices for controlling particulates is relevant to the time frame

for this analysis, with appropriate adjustments for inflation. The
relationships among energy consumption, capital costs (adjusted to
current prices), and device capacity presented in the HEW report are ~
thus assumed toibe stable into the early 1980s, and technological
change in control devices is thus assumed to have a minimal impact

on the energy consumption and the first cost ,of the devices.**

3. The CEQ forecasts of investments for pollution control by industry

are reasonable, :
4. Industry will control air pollution primarily through end-of-pipe =
control techniques.

* Sée Envn*cmmenfﬂ] QuahTy - 1970, the Seventh Annual Deport of the Conuci!

\ ,
x
** See Control T?Lhn1@yet for Particalats Ay (ﬂ!wn.ul*;, dLhL Bepartnent or

Health, Education and WAT{are, Tanuayy 194
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5 The energy ‘coefficients of dEV1CES othar than those for which co-
efficients were deve]cped from eng1neer1ng data can be reasonably
set at the average of those analyzed. -

6‘1Ca :ital investments made through the end of one year §re the basis

" for operating costs in the next year. Thus, investments through

1976 ar% uzed to calculate energy consumption from operations in

1977 |

Investments # Industrial Air Pollution Control

Table 3-1 Tists CEQ's estimates of the capital investments for dndustrial
air pollution control for 1977 and 1983. The investments are spread over a number
of industries, although the primary metals, chemicals and petroleum sectors
will require the largest investments at 34 percent, 17 percent and 13 percent,
respectively, of the total industrial investment.

TABLE 3-1. TOTAL CAPITAL INVESTMENT FOR AIR POLLUTION CONTROL
(Millions of 1975 D01Tar5)

= 1977 1983(

- N i " - T T T T N T - N
Primary Metals ) 5,601 9, 026
Machinery . ‘ : . 728 1,488
Transportation Equ1pment 545 13012
Stone, Clay and Glass 1,643 2,947
Other Durables ; 838 1,848
Chemicals 2,803 4,257

Textiles - -

Rubber : 150 30Q,

Paper : 1,294 { 2,543
Petroieum . 2,183 i 3,739
Food 573 1,078
Other Nondurables 142 7A7ﬂ75
TOTAL 16 500 28 749

Analysis of Battelle data indicates that almost 86 percent of industries'
investments in air pollution control will be for five devices:
- Lime/1limestene scrubbers (38.5% of total investments)
- Baghouses and fabric filters (25.5%)
- Wet collectors (13.27)
- Electrostatic prec1p1tator; (; 84)
.- Acid p]antJ (2. 9 3)

e,
ot
[Nl

%
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The remaining investment is divided
niques;, including CO boilers, interstate
Table 3-2 shows the investments: of

etc,

major control devices.

b

can be approximated by the five major devices.

among various other control tech-
adsorption, tail gas scrubbers,
Table 3-1 divided among the five
It has been assumed that all industrial 1nvestments

-
#

—_ TABLE 3-2. INVESTMENT BY INDUSTRY IN AIR POLLUTION CQNIEDEipEVICES
Fract1on Cap1ta1 Investmént
- B of Total (Millions of 1975 Dollars)
1977 1983
Electrostatic Prec1p1tatﬂr3 0.058 957 1,667
Wet Collectors Rl 0.132 2,178 3,795
Lima/Limestone Scrubbers 0.385 6,353 11,068
Fabric Filters 0.255 4,208 7,331
Acid ¥lants 0.029 478 834
Other 0.141 2,326 4,054
TOTAL 1.000 16 SDD

28,749

=

Energy Demands for Industrial Air Po??%tion

Analysis of data from HEW, as well as data developed for other sections
study, yields the following representative direct operating energy co-

of this st

efficients for the five major air pollution control techgiques;

Electrostatic
Precipatators
Wet Collectors

Limestone
Scrubbers

Fabric Filters

Acid Plant

AVERAGE

/ L - )
Capacity or Typical Typical Energy/
Flow Pate (or Average) (or Average) Capital Cost
Through Iﬂfta11eg Btu/gear (1976)
Collector Cost ($ 10°) 103 Btu/$
100,000 acfm 265 1.46 5.49
20,000 acfm 32 3{03 93.41
Based on in- ‘
stallations on 7288 233,20 - 32.00 ,
power plants '
ranging from
200 to 1000 MW
3%9;006 acfm 466 13.15 28.23
Based on . 19695 © 808.00 41.03
100,000 ton ™y
per year
copper p%ﬁﬂu .
i 40.03
'Y
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Table 3-3 shows the results when these coefficients are combined with
the investment forecasts. Wet cpllectors, with 13 percent of the investment,
consume about 30 percent of the annual operating energy. Lime and limestone
scrubbers are less energy intensive, but because they are a larger share of
total investment (38.5 percent), they also consume approximately 30 percent
of all direct energy. Total direct operating energy will be 643 trillion
Btu in}]977 and 1,121 trillion Btu in 1983.°

Indirect energy for air pollution control consists of the energy re-
quired to fabricate -and to build pollution control devices. According to DSI
estimates,* approximately 40,000 Btu are required for every (1976) dollar of
capital investment for pollution control devices. The equipment is assumed
to last 20 years, which results in an annual coefficient of 2,000 Btu/$.

i
i

Table 3-4 shows the indirect energy needed to support air pollution
control by industry. The energy is small compared to direct operating
energy. : ]

; I

Table 3-5 summarizes the energy required to manufacture, install and
operate industrial air pollution control devices. The totals are 676 trillion
Btu and 1,379 trillion-Btu for 1977 and 1983, respectively.

%

- . ¥

-
1

* Estimates of the energy equivalents of equipment are discussed in Appli-
cation of Net Energy Analysis to Consumer Technologies, Appendix A, pre- .
pared for ERDA by DSI, December 1976. Pollution control devices were 5/

i

acsumed to have average Btu/dollar conversion factors. ’ o
-]




_ TABLE 3-3. DIRECT EAE ”REQUIRED FOR_INDUSTRIAL AIR POLLUTION CONTROL _

53 | a D1rect Energy D1rect Energy
Fraction katha] Investment  Cogfficient "Reguired
Control Technique of Total 1[Dﬂ’: of 975 b) (1000 Btu/$) (1012 Btu) .
0 1983 4 1977 1983 \
Electrostatic Precipitators 0.058 957 1,667 5.49 b 9
Wet Collectors 0.132 2,178 3,795 93.42 203 355
Lime/Limestone Scrubbers 0.385 6:'353 11,068 32,00 203 354
Fabric Filters 0.255 4,208 7,331 28.23 119 201
Acid Plants L0028 s 8% 41,03 0 3
Other 0.141 2,326 4,04 40.03 93 -162
TOTAL 1,000, 16,500 28,749 643 1,121
_ _ I A - ﬁ
\
[, /
\ *
lj "/ :__)s)
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€
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TASLE 3-0. TWDIRECT ENERGY REQUIRED FOR_INDUSTRIAL AIR POLLUTION CONTROL

_Control Technique

Capital Investment
(Millions of 1975 §) .

Construction:

Energy Coefficient
(1000 Btu/$)

Construction:

(1012

Energy_ Required
Btu)

&

Electrnstatic Pﬁecipgtat@rg
Wet Collectors

Lime/Limestone Scrubbers

Fabrig Filters |
Acid §>§q§5 :
Other j

1977

198

1,667

3,795

11,068

T2

1977

1983

[

2y o
e

3

= s

]
Il =

ERIC

Full Tt Provided by ERIC.

e
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. 1ABLE 3-9. T0TAL KNERGY REQUIRED FOR

o __INDUSTRIAL AIR PSLLUTION GONTROL
Mt - — 7‘i:“§;’:1f -
. l o Total Energy Required -
(1012 Bty)

______ Control Technique ., 1977 . 1983
E1ectr05tat1c Precipitators ' /s 12
Wet Collectors - 207 363
Lime/Limestone Scrubbers | 216 376
Fabric Filters : 127 222
Acid Plants | 2 36
Other 8 _170

TOTAL * 676 1,179

Clean Air Act Amendments DF 1970 the E]ECtF1C ut1]1ty 1ndustry w111 have in-
vested about $8.9 billion in new plant and equipment for air pollution control
by the end of 1982. These incremental capital expenditures will be for de-
vices which 1imit the amount of particulates and sulfur oxides (S0y) which
escape into the atmosphere from the burning of oil or coal-in utility boilers.

0i1- and coal~burning.utilities will control particulates primarily
through the use of electrostatic precipitators. SOx emissions control is more
complicated:* _ |

1. SDX can-be remaved from the power plant stack gases by scrubbers; and/or

<2, The utilities can burn 1Dw sul fur fue15‘ and/or

5. Fuel producers can remove sulfur from th51r Dutput at the ﬁD1nt Df
mining or refining. :

Any air pollution control method which requires a utility (or a refiner)
to install and operate additional equipment as part of his production process
will result in additional cons unpt1on of energy to operate the equ1pment and
to provide any chemicals needed for the iDntrQ1 process.

_ i

* Not TNi]udFd are methods such as tall stacks, intermittent control systems

Q
ERIC and supplementary cortri! systemg--none of which (alone) satisfy the -y €
u1t1mate requirements of the Clean Air Act. | iﬁ-f;



,fhe *éilahﬁng subsectiansAdgve1Ep estimates of the additi@nairenergy ,

‘required to -make it possible for
dards for SDK and_particu]age emi

 Mithodology and Assumptons
. o ~ N -

electric utilities to meet federal. stan-
ssions.

- The methodology usedrfor estimating the energy consumed in onder to re-

dyce power plant-generated’

major steps:

~ Step 1: Precipitator
and Scrubber Operating

Energy as Percent of
Plant Output

Step 2: Required S0y
emoval from Flue Gas

Step 3: Chemicals.
equired/Sludge , A
Produced by Scrubber

Steg 4: Energy Per Ton
to Produce Limestone
and Dispose of Sludge

Step 5: Residual 0il
Desulfurization
Operating Energy per
Barrel ,

Step 6: Power Plant
Capacity and Fuel Mix
in 4977 and 1983

Step 7: Coal and 011

‘Supply “and Quality in°’

1977 and 1983

air pollutants to acceptable levels has twelve

For the two power plant-based pollution control

~ " techniques (electrostatic precipitation and stack .

gas scrubbing), determine the energy required to
operate the devices as a function of plant gener-
ating capacity. T

Determine the:required fraction of SOx removal Frém

the flue gas as a function of fuel heating value
and weight percent sulfur. :

Determine the limestone and waterrneedéd, and sludge
produced, by scrubbers as a functionof fuel heating

value and weight percent sulfur.

Determine the energy needed to produce and trans-
port a unit (ton) of lime or limestone, and the

Determine the operating energy required per barrel
of residual o0il desulfurized (including the energy

energy consumed pér ton to transport and dispose of
sludge in a landfill. ' S ,

needed to produce the required amount of hydrogen
for the desuy,

furization ynit) as a function of

weight pergént sulfur in the residual oil and the

resultant /required fraction of sulfur removal.

Dete

plants

1

Meipb the predicted characteristics ofﬁpower
™ 1977 and 1983, including generating

capacity by type of fuel used.

Determine the predicted supply, source and quality
(sulfur content, heating value) of residual oil and

coal for electric utilities in 1977 and 1983.
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~ Step 8: Population of From the information produced in Steps E_and}T,

ontrol Devices . determine for 1977 -and 1983: ,
a. the total megawatts of power generating capacity
. which will have to burn coal that -exceeds the
maximum acceptable sulfyr content and therefore
require stack gas scrgbber;
b. the total coal-burning capacity that will re-
quire western low sulfur coal; -
c. the total amount of residual oil that requires
desulfurization; '
. - d. the total megawatts of fossil fuel burning
capacity which will require electrostatic pre-

cipitators. \
Step 9: Direct ané4 ~ Using the unit data developed from Steps 1-5 and
[ndirect Energy Consumed the requirements forecasts -developed in Step 8,
for Controlling Power determine the energy consumed in 1977 and 1983 for:
Plant Air Pollution 3 ,perating power plant electrostatic precipi-

tatoM and 1imestone scrubbers; )
b. nroducing limestone for the stack gas scrubbers;
c. disposing of the sludges produced by "the
scrubbers; ) = FE
d. .Ean5port of western low sulfur coal; *

“L

e. desulfurizing residual oil.

Capacity The operation of scrubbers and precipitators re-
quires electricity that must come from capacity
additions. Using the estimates obtained in Step 9,
estimate the necessary capacity additions and then

determine the energy cost of those additions.

Step 10:
Penalty

Step 11: Capacity Because of the lower heating value of .low sulfur

Penalty, Low Sulfur v coal (supplied principally from the Northern Great

Coal Plains) power plant capacity is derated. Estimate
the capacity derating and the energy cost of re--
placing that capacity. - :

Step 12: Materials From the estimates of capacity 'requiring scrubbers

Energy - and precipitators (Step 8) estimate the energy cost

of constructing scrubbers and precipitators.

Thus, the methodology employed is based on developing a SEJ of unit data
for the various air pollution control techniques, and then applying the data
to predicted requirements for each technique. Although the methodology falls
far short of a more comprehensive materials flow approach, 7t does incTdde con-
sideration of energy consuming activities which occur prior to, and after, the
operation of a control device itself. )

s
Lo
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Variﬂui assumptions are made at efch step of the analysis. Some of the
-more important'assumptiﬂ s are: /F :

1. Limestone scrubbing will be the dominant technique for removing SOy -from
“power plant flue gases'over the time frame of 1975-1983. Low sulfur
coal use will emerge by 1983 as the second most used control technique.

& 2. Electrostatic precipitatofs and Venturi scrubbers will be used for re-
moving particulates from power.plant flue gases over the 1976-1983 '
period. It is assumed that when Venturi scrubbers are used in combination

" . with SOp scrubbers, the operating energy requirements over and above the
T energyrgor the S0 scrubbers are negligible. It is further assumed that
~ all oil-fired capacity will use electrostatic precipitators. ’

3.*0ver the range of sulfur and’particulate removal normally required for

- power p]antijnéither scrubber nor precipitator operating energy varies
significantly ‘as the percent SOy of particulates change.** (The validity
of this assumption has not been verified for low-sulfur coal with high
ash content. Thus, operating energies for precipitators on plants burning
low-sulfur coal may be somewhat understated. This understatement is
partly offset by the assumption that all oil-fired capacity will have
precipitators. Pk * . o : .

4.*Scrubber and precipitator operating energies are direct (but different)
functions of plant generating capacity. The ratios of operating energy
to plant capacity for the devices are constant over the range of capa-
cities covered in this analysis.

5. Limestone is the only chemical required in significant quantities for
power plant air pollution control.*** ’

* These assumptions were verified in part through analysis of available

data from other studies. .
**  TVA report PB No. 183908, Sulfur Oxide Removal from POQEF_ETant_St§§k

~ Gas: Use of Limestone in Wet-scrubbing Process. 1, )

*** A further source of overstatement of the en8rgy consumed for removing
pollutants from flue gases is the assumption that the control device
will be sized to handle the entire flow of gases. In practice, many
control systems will be designed so that part of the gases will bypass
‘the scrubber or precipitator. The feasibility of this design practice
depends on the particular circumstances at a specific site.-

**** DSI studies of operating scrubbers indicate that the predominant scrub-
bing technique uses limestone. Hittman Associates (Intermittent Versus

- Lonstant 50, Controls for Retrofit of Existing Coal-Fired Power Plants)

f Eimi?ar]y'égﬂc1udé that "the lTimestone slurry scrubbing system was
chosen because it presently (1976) accounts for the largest percentaqe
of installed megawatt capacity with FGD systems."

,w ad
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v« 6. The sludge from iimestoneEserubbé?;ewil17be*disposed of jwithéut driing)

in a sanftary landfill at some distance from the power plant.*.

7**The operating energy for desulfurizingsresidual oil should include' the - :
energy needed to produce hydrogen for the desulfurization unit. The .

' total operating energy increases nonlinearly as the sulfur content of -

. the residual oil, increases. . . . '
8. The efficiencies of fossil fuel plants will be constant over the 1975-
1983 time frame, with fossil fuel plant,efficiency at 34 percent and- .

nuclear plant efficiency at 32 percent. : v
9. Total power generation, generating capacity by fuel type, and consumption

of fuels by electric utilities in 1977 and 1983°will be as reported by

EPA, *** -

10. The published estimated cost of 'scrubbers and precipitators i3 reason-

. able.*** The energy for scrubber and precipitator construction is
40,256 Btu/$ (1975?,**** ' ) .

11. Total energy requirements attributable to United States air pollution -
regulations should be estimated. Consequently, energy used to desul furize
residual oil refined in foreign countries is included as well as energy
required for domestic operations.

Coal-Fired Power Plants' Control Strategies
The energy penalties for three different control strategies for coal-

fired power plants are presented in the following pages. Estimates were ‘made

_for construction, installation and operation of limestone scrubbers, transpor-
tation and utilization of low sulfur coal, and constructicn, installation and
operation of electrostatic precipitators. In the case -of the precipitators, the
estimates cover some coal-burning capacity and all oil-burning capacity.

The control strategies for coal-fired power plants are given in Tables /

3-6 and 3-7 for 1977 and 1983, respectively. The coverage assumptions are

derived from Economic and Finanaical Impacts of Federal Air and Water Pollu-

tion Controls on the Electric Utility Industry, Technical Report, Exhibit

111-9 and a personal communication from James Ferry, U.S. EPA, on October 4,

1976. Estimates of the capacity utilizing coal are from thg\same report,

Exhibit 11-4. :

* According to information from TVA (James Crowe, Tennessee Valley Autho-
rity, Personal Communication, November 1976), sludge is frequently dis-
posed of in clay-lined ponds. However, this disposal technique will
likely be unacceptable except as a short-term measure. Because of the
uncertainties cance?ng improved methods for sludge disposal, this re-
port does not include provisions for the energy required for (for ex- c

ample) sludge drying, recalcination, land reclamation or incineration.
**  The assumptions were verified in part through analysis of available .
data from other studies. "
*** Temple, Barker & Sloane, Inc., Economic and Financial Impacts of Federal
Air and Water Pollution Controls on the Electric Utility Industry, Tech-

"~ nical Report for U.S. EPA, May 1976, Page III-24.
**x*% Dayelopment Sciences Inc., Ibid. -
‘ 44
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* " "TABLE/3-6. COAL-FIRED-POWER PLANT COVERAGE ASSUMPTIONS
. AND CONTROL ‘STRATEGY FOR COPPLIMCE WITH CLEAN AIR ACT: 1977
: _ e o 10 kw . 77:5‘}-“7‘1} CoT ) s

—

LT IR '. Pre-1974  1974-76 1977
° Problem/Control,Strategy L ~Units & - Units ~Units  Total . .

Particulate Control S ,
Precipitators . ., 61.3
Venturi Scrubbers* ’ 21.1

—-‘m@
LS MY
~I
ny..

j, "5;
1. 6.7 ..

S0 Control - :
| 1.5 6.7  81.1

Scrubbers ¢ )
Washing and Blending”*
Medium Sulfyr Coal
Western Low Sulfur Coal

’ - 37.2
- 33.2
5.0 8.6

1.4
2.2

L

(XYREN
[ (] N M\
00N o

w

* Venturi scrubbers are installed in combination with S0, scrubbers )
Saufces: fénpiei Barker & Sioane, Inc., Ibid, Table III-9; ﬁersana] Communi-

cation from J. Ferry, EPA, October 1976. ,

. . /
- TABLE 3-7. COAL-FIRED POMER PLANT COVERAGE ASSUMPTIONS
AND CONTROL STRATEGY FOR COMPLIANCE WITH CLEAN AIR ACT: 1983
B B B (106 kw) B . , .
- ~ Pre=1974  1974-76 Post-1976

Problem/Control Strategy ~ Units Units Units  Total

Particulate Control ) ) ) o
Precipitators : 61.3 ° 18.2 54.6 134.1
Venturi Scrubbers* 21.1 11.5 52.4 85.0

502 Control
Scrubbers
- Washing and Blending
Medium Sulfur Coal
Western Low Sulfur Coal

11.5 52.4 106.8

- - 37.2
1.4 - 33.2
2.2 54.6 58.2

1

M G P
| — g
o

00 D
[

* Venturi scrubbers are installed ir ination with SOp scrubbers

Sources: Temple, Barker & Sloane, Inc.g_Ibid,FTable II1-9; Personal Cummuni-
cation from J. Ferry, EPA, October 1976.
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" Low Sulfur Coal - 1977 ‘ v"\ : - EE
In 1977 power plants.of.8.6 x 305 kw capacity will burnilow sulfur coal.

With a lpad factor of 55 percent fo! '

i

W : E . coal-fired power plants,* plants burn-

~ing Tow sulfur coal will generate 41,4, x 109 kwha Assuming a‘power plan¥
efficiency of*34 percent, input energy to the power plants is:417.4 X 1012
Btu. . 3 ' ’ R A | ’

_ One of the energy penalties ForfitiTizing western;igw sﬁTfur coal is the -
operation of precipitators for control of particulates. ~The operating energy,
capacity and materials energy penalties for those precipitators are calculated

in a later section of this report. !

*There is a-five percent capagﬁtyipena1ty** forspre-1977 power-plants due
to boiler derating associated with burning low sutfur western coal. Applying
this penalty to the 3.6 x 106 kw burning fow sulfur coal at a replacement
cost (1975 dollars) of $211/kw* and using an energy. cost of 36,925 Btu/$ gives
a capacity penalty of 1.4 x 1012 Btu. iWhen amortized over 20 years, the capa-
city penalty converts into an annual energy cost of .07 x 1012 Btu. Note that
" this is an upper limit on the capacity ipenalty; if excess capacity exists it

can be brought online and the capacity ‘penalty is diminished. :

< ' ' Y TN
The major energy penalty associated with the utilization of low sulfur

cogl is the energy to transpoart the coal from the Northern Great Plains to
. the areas of consumption. Most coal-burning utilities in the United States
are located in four regions: the Middle Atlantic region, the East North
Central region, the South Atlantic region and the East South Céntral region.
Transportation of coal from the NortherniGreat Plains to these regions implies
a substitution of the low sulfur coal for traditional supplies. It is esti-
mated that average transportation distances for the Tow sulfur coal will be
1,575 miles, and that the coal will supplant the traditional avegage trans-
portation distance of 575 miles. Approximately 76 percent of thé ton-miles
of delivered western coal will be by rail:(at an energy cost of 680 Btu/ton-
mile): the remaining 24 percent will be by, water (at an energy cost of 378
Btu/ton-mile), to give a weighted energy cost of 607.5 Btu/ton-mile.*** This

3

compares with a weighted energy cost of 595.4 Btu/ton-mile for the current
transport mix. o

*  Temple, Barker & Sloane, Inc;,?E;Dné@j;,andgfingpciaj Impacts of Federal
Air and Water Pollution Controls on the Electric Utility Industry, Tech-

nical Report for U.S. TPA, May 1976.

x4 pudeo-tnvironmental Specialists, Inc., Particulate and Sulfur Dioxide
i iun Control Cost Study of the Electric Utility Industry, Preliminary
feafr for LS. FPA, Contract 68-01-1900.

x4 tuaney. deon et al, Enerqy Consumption of:Environmental Controls:
Frseil Fuel, Steam E]E?ﬁfﬂ@ﬂﬁgﬂ?ﬁ§§?ﬁﬂ Industry, Draft Report prepared by
Foviremmenta i Gesearch & Technology, Inc., for U.S. Department of Commerce,
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, In 1977 22.44 x 106 tonsfoffiow sulfur coal will be bLTﬂEdf Because of
its relatively low heating value (9,300 Btu/1b, vs. 11,800 Btu/1b average for

: the highfsulfug-coal it replaces), the 22.44 x 106 tons will be substituting

or 17.69 x 10° tons of high sulfur coal that would have been burned in the .’
ence of air pollution regulationd. This western low sulfur will be ‘trans-
375 mites at an energy cas% of 607.5 Btu/ton-mile, giving a trans-
gnergy cost~of 21147 x-1012 Btu. : R A
p v ,

pér

.. The net transportation energy cost is found by subtracting thé cogy of ¢
transporting high sulfur coal from the gross energy cost of 2m47 x 10 ~Btu .

for low sulfur coal. The 17.69 x 186 tons of high sulfur coal is transported
a distance of 575 miles at a cost of 595.4 Btu/ton-mile. Thus the transport -

© energy for traditional supply sources is:6.06 x 1012 Btu. The new transport
H

cost for substituting low sulfur coal for high sulfur is 21.47 x 10'¢ minus
6.06 x 1012 Btw or15.41 x 1012 Btu. , . o '

P

=

Low Sulfur Coal - 1983.” ‘ .

In 1983, 58.2 x 106 kw of coal-fired capacity will burn western low sulfur

L]

As in the 1977 case, the capacity penalty applies on1§A§9é hose units con-
structed prior to 1977. Thus the capacity affected is 3.6 x 100 kw, implying
a-capacity penalty of 1.4 x 1012 Btu, or .07 x 1012 Btu per year.

The major energy penalty associated with using 1Qg sulfur coal will ‘again
be the energy to transport coal. In 1983, 151.33 x 10°-tons (at 9,300 Btu/1b)
wi% have to be transported 1,575 miles, implying an Energy cost of 144.79 x
107 Btu. This supplants the shipment.of 119.27 x 100 tons shipped 575 miles
at an energy. cost of 40.83 x 1012 Btu. The transportation increment is thus
103.96 x 1012 Btu. g ~

Flue Gas Desul furization - 1977 ,
— ation - 197, ,

N :
Energy penalties for flue gas desulfurization are divided into three
categories: ,

1. An "energy penalty" associated with operating the scrubber. This con-
sists of both the direct energy consumed in scrubber operation and the
indirect energy to mine and transport limestone and to transport sludge
to a disposal site. -

2. A capacity penalty to reflect the additional capacity required to re-

place capacity used to generate the electricity to run the scrubber.

It has been assumed that this penalty will equal the direct operating
energy penalty. This places an upper bound on the capacity penalty

47

b

coal, generating 280.4 x 109 kwh. Power plant fuel input will be 2814.7 x 1012
© Btu. . _ o

4
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“which may be reduced by, for example, using excess steam for stack gas
reheat or using oil to run a fan or pump. The capacity penalty in this :
case may be less™than the energy penalty.*: . S S

3. A materials energy penalty associated with thefgonstructian of the
- scrubbers. - Coe * - . ' : :
Data on the operating characteristics of -limestone scrubbers indicate that
. their enerdy requirements are approximately 3.5 percent** of a coal burning ..
. ‘power plant's fuel input. This percentage has been Found for a_ range of plant
;jcontentfﬂf}frnm*z to 5

sizes -from 200 to 1000 megawatts and for coal sylful
percent; 1In 1977 6},1-x 106 kw will. use scrubbérs.' Assuming a load factor
of 55 percent and an efficiency of 34 percent, input energy i52,955.00 x 1012
- Btu, Thus the direct operating energy penalty is 103.48 x 1012 Btu. R
v } = .. RS N
The indirect energy consumption consists of 1imestgﬁé extraction and .
transportation apd sludge disposal.. ‘In 1977 5.778 x 10° tons of limestone will
be required. At an extraction energy of 75,000 Btu/ton,*** the energy penalty
is 0.43 x 1012 Btu. The 5.778 tons are assumed trucked an average distance of
100 miles, at 1,165 Btu/ton-mile, incurring an energy penalty of 0.67 x 1012
Btu.. For sludge=disposal it was assumed that truck transpotgatian to a land-
£i11 <ite twenty miles from the power plant would consume an average of 1,165

-, Btu/ton-mile, or 46,600 Btu/ton of sludge. Equipment oeprations at the fill

site are assumed to_consume 129,000 Btu/ton of sludge, Sludge gengration in
IQ%% is 13,045 x 106 tons, implying a disposal energy consumption of 2.29:x
10'¢ Btu. _

_ The capacity penalty is assumed equal to the energy penalty of 3.5 per-
cent. If 61.1 x 106 kw will require scrubbers in 1977, capacity loss will
total 2.14 xi105JkY The energy requirement to replace this lost capacity )
will be 16.67 x 10 2 Btu, based on & 1975 replacement cost of $211 per kilo-
watt**** and an energy cost for public utility construction (1/0 Sector 11.03)
of 36,925 Btu/$.***** When this replacement energy cost is amortized over
twenty years, the annual cost is 0.83 x 1082 Btu. ,

* FedcannvircnmentET Specialists,  Inc., Particulate and Sulfur Dioxide
Emission Control Cost Study of the Electric Utility Industry, Preliminary
Draft of U.S. EPA, Contract 68-01-1900. o )

** pAs indicated in the text, 3.5 percent is derived from Development Sciences
Inc. data on power plant operation. There is a considerable variation in
the range of estimates. PEDCO gives a direct operating energy penalty of
1.8 percerit, with.a range of 1.1 to 4.4 percent. Energy Consumption of

" Environmental Controls: Fossil Fuel, Steam Electric Generating Industry
Draft Report uses 5.5 percent, with a range -derived from a literature
survey, of 1.5 to 9.5 percent. The 3,8 percent penalty is supported
primarily from data developed by TVA.

*** Colorado School of Mines Research Institute, Mineral Industries Bulletin,
V. 18 Number 4, July 1975, p.12, Table 5. - o

*x+% Temple, Barker & Sloane, Inc., Economic and Finarcial Impacts of Federal
Air and Water Pollution Control on the Electric Utility Industry, Tech-
nical Report for U.S. EPA, May 1976. - o R

*xxx**Nayelopment Sciences Inc., Application of Net Energy Analysis to Consumer

Technologies, Report to U.S. ERDA, Contract F(49-7)-3847, December 1976.
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< ~ Of the 61.1 %106 kw using scrubbérs in 1977, 42.9 x 106 Kkw will be
 retrofits. The average cost of the retrofits (based on $86.83/kw for com-
' j,f;%gjngd‘sngﬁgnd Venturi scrubbers; and $70.27/kw'for SO, scrubbers only) is
.+ “estimated to be $78.40/kw.* The'igmajning scrubbed capacity will have .
scrubbets installed at a ggst of $72,06/kw. Construction energy, at 40,256
Btu/$, Wi]1 be 188.2 x 10!<¢ Btu. Afiortizing over 20 years gives a value of
19.41 x 112 Btu as the annual materials energy penalty.

%

-

k

Flue Gas Desulfurization - 1983 g | o

The analysis of the energy penalty associated with flue gas desul furi-
) zation is analagous to that for 1977. Capacity of 106.8 x 100 kw wi]Tlﬁg
-.» ~ scrubbed, with 42.9 x 100 kw being retrofits and the remaining 72.8 x 100 kw
being new installations. . X .
- LS : - Y s .
The direct opera?éng energy penalty (373 percent), applied to an input
energy of 5162.3 x 10'¢ Btu, is 189i?§ X 101- Btu. Limestone extraction
(9.95 x 10° tons) requires 0.75 x 10'2 Btu, while transport requires 1.16 x
1012 Btu. Sludge disposal (22.47.x-106 tons) requires 3.95 x 1012 Btu.

. Replacément of 3.5 percent of the scrubbed 106.8 x 106 kw at a cost of
$211 kw implies a capacity energy penalty of 29.14 x 1012 Btu, or 1.46 x 1012
Btu annually when.amortized over 20 years. Materials energy for thé construc-
tion of scrubbers, 42.9 x 106 kw of which will be retrofit at a cost of
$78.40/kw, will be 320.76 x 102 Btu. Amortizing this yalue over 20 years
gives an annual materials energy penalty of 16.04 x 101?.Btu2

E3

Precipitators - 1977

As noted at the beginning of the section, all oil capacity and some coal
capacity (See Table 3-6) wi]ll use precipitators. For 1977, 84.5 x 100 kw of
coal capacity and 87.4 x 10° kw of 0il capacity will be equipped with pre-
cipitators. As in the scrubber analysis, there are three sources of energy
penalties associated with using a precipitator:

1. A direct energy penalty to run the precipitators.

- A capacity penalty because of electrical consumption to” run the
precipitators.

P

3. A materials energy penalty associated with the construction and in-
stallation of the capital equipment. '

* Temple, Barker & Sloane, Inc., Economic and Financial Impacts of Federal
Air;gﬁd,Natgf“Pa11utipp;C§ntr01§ on _the Electric Utility Industry, Tech-
nical Report for U.S. EPA, May 1976.
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~ Analysis of precipitator operation indicates that there is a diréct(
energy penalty of approximately 0.2 percent to operate a typical device.
Given an efficiency of 34 percent for both the oil- and coal-fired plants
and load factors of .51.3 percent for oil and 55 percent for coal, the oper-

ating energy penalty is 16.06 x 1012 Btu. , »-ije.

- .~ Capacity derating of 0.2 percent will be applied to 84.5 x 106 kw of
coal capacity and 874 x 106 kw of 0il capacity.~ At a replacement 2053 of
521é/kw for coal And $220/kw for 0il, the capacity penalty will be 2.70 X
1012 Btu.. Amortizing this amount over 20 years gives an annual energy cost
* for capacity additions of 0.14 x 1012 Btu. 5 . ,

~ In 1977, 79.5 x 106 kw of coal chpacity andg$3.8 x 106 kw of o0il capa-
cfty will be retrofit with precipitators. An addvtional 5.0 x 106 kw of new
coal capacity and 3.6 kw of new 0il capacity.wilT also require precipitators.
At a capttal cost.of $45.50/kw for retrofits and $56/kw for new installations
" and an energy_cost of 40,256 Btu/$, the materials energy penalty in 1977 will
be 318.5 x 1012 Btu. Amcrti?%ng over 20 years gives an annual charge, appli-
cable to 1977, of 15.93 x 10'< Btu. : :

| Precipitators - 1983

As for 1977, all oil capacity (93.2 x 106 kw) and 134.1 x 106 kw of coal
capacity (Table 3-7) will require precipitators. ‘

: . An operating energy penalty of 0.2 percent a,BTied to the affected oil
and coal capacity implies a penalty of 21.38 x 10'¢ Btu. A similar capacity
penalty of 0.2 percent, with coal construction cost of $211/kw and oil con-
struction cost of $220/kw, carries an energy penalty of 3.64 x 1012 Btu, or
0.18 x 1012 Btu per year. A materials ehergy penalty of 443.39 x 1012 Btu,
amortized over 20 years, giYES an annual penalty for the construction of -
precipitators of 22.17 x 10'< Btu.

Residual 0i1 Desulfurization - 1977

. For both years, two residual oil desulfurization cases are. developed.
Case I considers only domestically refined oil, while the second case esti-
mates the energy cost of desulfurization of all residual oil, whether foreign
or dgmestically refined.  In both cases estimates are made of operating energy
requirements for the desulfurization process.

Case I: Data from Mineral Industry Surveys (June 1976) indicates that
for the first half of 1976 50.8 percent of all residual oil will be domes-
tically refined. Of the domestic product, the following breakdown by weight
percent sulfur holds:

A



TABLE 3-8. PERCENT OF DOMESTICALLY REFINED RESIDUAL OIL.
BY WEIGHT PERCENT SULFUR , B

— — e ——— — S —
Weight Péﬁagnt Sulfur Percent of Product
" 0=-0.5 26.26
0.51 - 1.0 - 23.29
1.01 - 2.0 ) 24.48
=2.0 25.97

For 19%7, utility consumption is 644.4 x 106 bbls of residual oil;.
327.36 x 10° bbls ‘of which will be domestically refined. For the domestically
refined product the following breakdown by weight percent sulfur will hold:

TABLE 3-9. BARRELS OF DOMESTICALLY REFINED PRODUCT - ) Ve
BY WEIGHT PERCENT SULFUR ,

k4

Weight Percent Sulfur Averd§e Percent Sulfur 106 Barrels

0.25 ' 85.96
0.75 16.24
1.5 80.14
3.5 85.02 -

0

- 0.51

1.01 - 2.
=>2.0

0.5
1.0
2.0

TOTAL 327.36

TOTAL REQUIRING
DESULFURIZATION 241.40

Given desulfurization operating energies* of 0.072 x 106 Btu per barrel
- fog residual 0il with sulfur content between 0.5 an# 1.0 percent, of 0.336 x
10° Btu per barre1!f8r residual with sulfur content between 1.0 and 2.0 per-
cent, and 0.516 x 10° Btu per barrel for residual with sulfur content greater
than 2 percent, the following energy is required for domestic residual
desulfurization in 1977:

- Sources from which operating energies were derived are: Van Dressen,
R.P.vand Rapp, L.M. Residual 0i] Desulfurization in the Ebullated Bed,
Seventh World Petroleum Congress Proceedings, Vol. 4, p. 261-274;
Hydrocarbon Processing, September 1970, pp 210, 211, 213, 214, 224, 226;
Blume, J.H. et al. Remove Sulfur from Fuel 0il at Lowest Cost, :

¢ Hydrocarbon Processing, Sept. 1969, p . 1315 Alpert, S.R., et al. 0il
and Gas Journal, Feb. 7, 1966. ) o

3
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| TABLE 3-10.. ENERGY REQUIREMENTS - .
v FOR RESIDUAL DESULFURIZATION: 1977
| (x1012 Btu) |

Energy Requirements .

51 - 1.0 ' -/ 5.49
1.01 - 2.0 SO 26.93
2.0 | 43.87
— | TOTAL. 76,29

Case I1I: - Case II assumes that the energy penalty for desulfurization of -
both domestically refined.and foreign refined residual oil is relevant to
an. analysis of the impact of U.S. environmental regulations. Mineral Industry
Surveys. (June 1976) gives the breakdown, by weight percent sulfur, for
all residual refined in the first half of 1976. Those percentages are
assumed to hold for 1977. The following table presents both the

percentage breakdown and actual quantity refined, by category, in 1977:

ERCENT OF PRODUCT AND BARRELS REFINED,

TABLE 3-11: PER T A -
. WEIGHT PERCENT SULFUR: 1977 i

P
BY

Weight Percent Sulfur _ Percent Product n Category Barrels Refined
T (x100 1977

- 0.5 A 31.61 ' 203.76

.51 - 1.0 22.42 144.47 -

.01 - 2.0 19.86 127.98
=2.0 26.10 168.19

TOTAL - . 644.4

TOTAL REQUIRING | 7
* DESULFURIZATION - 440.64

- Given desulfurization operating énergies equal to those of Case I,
Table 3-12 presents operating energy requirements for 1977 for
desulfurization of all-high sulfur residual fuel oil.

b '



TABLE 3-12.. ENERGY REQUIREMEyzs FOR RESIDUAL DESULFURIZATION 1977

(x 10 Btu)
Heiéhffiercent Sﬁ1fur - Dperaging Ener | Energy R?Euirements
_ (10 Btu/bbl) (10'¢ Btu)
0.51 - 1.0 0.072 S 10.40
1.01 - 2.0 0.336 v , 43.00
pe 2.0 - 0.516 86.79

TOTAL 140,19

) , o 7 ,
Residual 0il uésu1furizatihn 1983

As for 1977, two cases are deve1cped Case I presents the operating
erergy requirements for desulfurization of domestically refinad residual,

while the second case treats all residua1 oil. i
Case I: TFor 1983 it is posited that utility cunsﬁ%;t1on w11; be
630.2 x 107 barrels.* Of this total 50.8 percent; or 345,54 x 10

barrels, will be dcmest1ca11y refined. The same breakdown, by weight
*percent sulfur, as given for 1977 is assumed to hold. Thus, the following
table presents operating energy for residual desulfurization in 1983:

,TABLE 3-13.. DOMESTIC RESIDUAL ? SULFURIZATIDN OPERATING ENERGY: 1983

(x 10 Btu)
Weight Barrele Rgf?ﬁéd Dpera ing Ener y Dperat1n Eng
Percent Squur (x10 (1D Btu/bb]% Requ1rements ?X]D' Btu)

- 0-05 90.73 -

0.51 = 1.0 80.48 - ,072 5;79

- 1.01 - 2.0 84.59 .336 28.42

>2.0 89.74 .516 46.31 |
345.54 TOTAL 30_52

* Temple, Barker & Sloane, Inc., Economic and Financial Impacts of Federal

Air and Water Pollution Cantrc15 on the E1ectr1c Ut111txﬁIndustry,
Technical Repcrt fcr U.S. EFA, May 1676
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A

“Case II: The percent of product by categor)-that was given in

Case TT for 1977 {s assumed to hold in 1983 Tab]e 3-14 symmarizes
thei?QBB results. '

ﬁE!:Eﬁasm. RESIDUAL DESULFURI?LIAIIUN OPERAT] ENERGY: 1983
o o 7 (x10 Btu '
= 'VBarnP1s 7;;ﬁed f era ng Eh y - —Operati ﬁg Energ "
aiah r . ) c = e p er pera 1 ne '
Weight Percent Sulfur (x 101é ~(10f Btu]bb’l? Requwements (x’IDTgytu)
0-05 ¢ 215.01 \ ' .
Q.51 - 1.0 152. 50 07%3 10.98
1.0r - 2.0 135.09 .336% ~ 45.39
22.0 177.53 | 516 1.6
. . T0TAL  147.98
i E

Sumﬁary of Energy Estimates foﬁ Power Plant Air Ponutiaﬁ Control

The energy. requirements of meeting air po11ut1on regulations are.
summarized in Tables 3-15 and 3-16 for 1977 and 1983, respectively, Of
particular interest are the relative energy requirements for meeting.
sulfur rggu]at1on5 \the -energy penalty for low sulfur coal is about '
1.8 x 10° Btu per k12 owatt, while the energy penalty for flue gas
desul furization. is about 2.2 x 106 Btu per kilowatt. For comparative
purpases, the desulfurization of residual oil in 1983 will require about
1.6 x 106 ' Btu per kilowatt (excluding materials energy penalties).

The summary f1qures presented in Table 1-1 include all the energy
associated with desulfurizing residual oil for use in United States .
power plants. This conforms to the assumption that all energy attributable
to air pollution .control should be estimated. Foreign 0il1 desulfuyrization

~accounts for nearly 20 percent of the energy estimate of Table 3:15 for
1977 and for approximately 13 percent of the estimate of Table 3-16 for
1983. The effects on the totals of Table 1-1 are approximately four percent
and two gﬁrcent for 1977 and 1983, respectively.
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TABLE 3-15. SUMMARY OF RESULTS FOR ENERGY COST OF
MEETING AIR POLLUTION REGULATIONS: 1977

j - ﬂ - a (1612 Et;;; |

Control Strategy - Energy Penalty

[ . _

-Low Sulfur Coal (8.6 x 10° k) ‘ 15.48
Capacity Loss .07
Transportation 15.41

Flue Gas Desulfurization (61.1 x 100 kw) 117.06
Capacity Loss - .83 L
Operating Energy Penaliy : 103.43
Limestone Extraction - ) .43
Limestone Transport .67
Transport Sludge toMandfill .29
Lime -

Materials JEnergy (Scrubber) 9.41

[N

Precipitators (84.5 x 16 7
Capacity Loss 14
"Opgraling Energy Pegaity B 16.06

Materials Enerqy (Precipitator) R 15.93

]
T

Residual Desulfurization (Ldmestic only) .29

‘Residual Desul furizat®on (A1l Residual) 140.19

TOTAL (Domestic Only) 240.96

FOTAL (ATT Posidual) . . 304.86

&




TABLE 3-16. bSUMMAR[ OF RESULTS FOR ENERGY COST OF

MEETING AIR POLLUTION REGULATIONS: 1983

e . — _ —

Control Strategy Energy Penalty (1012 Btu)

Low Sulfur Coal (58.2 x 100 kw) | | 104.03
Capacity Penalty .07
Transportation 103.96

Flue Gas Desulfurization (106.8 x 10€ kw) 204.15
Capacity Penalty 1.46
Operating Energy Penalty 180.79
Limestone Extraction .75
\\ Limestone Transportation 1.16
Transport Sludge to Landfill 3.95
\_Lime

“Materials Energy (Scrubber) 16.04

Precipitators (227.3 x 10° kw) 43.73
-Capacity Loss » . ’ .18 )
Operating Energy Penalty 21.38
Materials Energy (Precipitators) 22.17

Residual Desulfurization (Domestic Only) : ’ 80.52

Residual Desul Furization (AT1 Residual) , 147.98

TOTAL (Ddmestic Only) ‘ 432.43

TOTAL (A11 Residual) . 499.89

L i
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APPENDIX A:  COMPARISON OF POLLUTION CONTROL-RELATED ENERGY

CONSUMPTION ESTIMATES

C

Before developing the estimates presented in the main body of this
report, the work of others on the same problem was reviewed in depth,
The review proved frustrating, for few of the written reports provided
information on assumptions, rationale, or methodology which was

- sufficient for purposes of judging the validity of the estimates.

Table A-1 1ists some of the studiés which have attempted to develop
national-level estimates of the energy requirements for pollution controil.
Table A-2 presents a ccparison of the estimates produced by these studies
With those developed du:ing this project. To d large degree, the various
results cannot be compared--basic data from EPA and CEQ has changed
since all of the studies were completed, and differing assumptions (many
of which are unknown) among the studies would naturally lead to diverse
results. However, the comparison shows that although analysts disagree
on the distribution of energy penalties for pollution control among
-sectors, most would peg the overall penalty for control of pollutants
from stationary sources at about 2 percent of national energy consumption.

The following pages contain brief comments on each of the other
studies. To appreciate the contribution of each effort, however, the
final reports themselves. should be reviewed and evaluated. ’




TABLE A-]

BREVIOUS STUDIES OF THE ENERGY REQUIREMENTS FOR POLLUTION CONTROL

Ful, Docunent Title

Short Title

DSL (g;4) Study First-Order Estimates.
of Potential Energy
Consumption Implication
of Federal Air and
hater Pollution Cantrol (
Standards for Stationary
Sources, duly 197% ¢

/
(o

Y

"Michigan Study Fergy Costs of Limiting
) o the Degradation of the
' Fpvironment; Report to the

| Ferqy Policy Project by

L . Crampton, et al, Physics
Department, University of
Michigan, Ann Arbon, Michigan
January, 1974,

e

Brigf Description

This is an earlier report by DSI using
data from 1974, The methodology and
assumptions ave basically the same as
for the new study, with the exception
of those for municipal wastewater
treatnent. National energy estimates
are derived for control of indusrial air
and water pollution contro], for abatement
of air and thermal water pollution from
electric power plants, and for improving
nunicinal vastewater treatment plants 10 meet
federal water quality standards.

'\
4 careful veview of the energy inplications
of controls in five sectors: transportation,
stationary source air pollution, waste heat
fron steam power plants, industrial waste-
water, and both Tiguid and solid aspects of
agricultural and municipal wastes. Conceptually
the approach covers direct fuels and electricity
olus energy behind raw materials and capital ’

~construction. Energy penalties are given in

8ty for each control, but are not always given
at the nationa] Tevel due to further assumptions
needed about fmplementation and timing. Use is
made of energy conversion factors for materials
and construction from Herendeen's input/output
analysis based upon the 1963 economy.

v



TABLE A-1 {cont inyeg)

S BREVIOUS STIOIES OF TiE ey REQUIREMENTS FOR POLLUTION conTRgL
3 ! : - “
Short Title Full Docunent Title Brief Description
5&; r
Vo RPA Study = R Brief Analysis of the Impact D\scusses five sectors which add to energy
of Environmental Laws on denand (stationary sources aiy polTution
Energy Demand and Supply; control, mobile sources, lead restrictions,

prepared for Federal Energy wﬂwqwﬁ@inﬁﬁt@mﬂaﬁw&& '

Office, Enviropmental Po1icy content, and municipal so1id wastes) and

Analysis Diyishon, by Resource 315 five sectors which tend to restrict

Planning Associates, Inc,, ey ENergy supply (delays in refinery

June, 1974, eXpansion, nuclear power plants and Alaska
pipeline; restrictions on offshore of]

o + leases and syrface mining). Presents data

. for 1973 and 1980, Nature of inpacts of

regulations and the penalties or savings

ot

; - resulting are expressed in brief sumary
fashion, and the basis of numbers ysed is
, not always clear, h
/

Heller Data cconanic Inpact, Energy An assenbly of data on 30 ndustries listing
Requirements and EFFyent mmﬁrzofMamgam;mﬁiMEin%smaﬁ
teductions in Phase | and operating costs needed for mp] ementat ion

P Industries Due 49 Best | of best practicable contro] technology
Practical Control TechnoTogy comercially available; an estimate of the
Comrercially Availale: added energy involved'both in kyh and as a

i pr&paréd_by Janes Heller, percentage increase; and percentage of plants
F oo 0ffice of Water Prograns, currently meeting%§tandardsi The timing of
‘ Eeviromienta) Protect ign the application of the abaterent procedures is
eney, Yashington, 9. ¢ i effect 1977 - 1983, The methods by which
#ely 187 energy and costs of clean-up were estimated are
not described, but are based gn £PA Effluent -1,
anidelines Limitations documents.
M
I

i/



Short Title

Full Docunent Title

TABLE A-1 (continued) ,
SREVIOUS STUDIES OF THE ENERGY REQUIREMENTS FOR POLLUTION CONTROL

Brief Description

Hirst Study

~ Economics of Clean Hater The Econamics of Clean Water -

2 1973, U, S. Environmental
Protection Agency, Washington,
D, C., December 1973, a report
to the Congress from the

Russell £, Train

National Commission

BT
R

ERIC

Full Tt Provided by ERIC.

Energy ‘Tnplications of

Several Environmental Quality
Strategies; Eric Hirst, ORNL-
NSF-EP-53, ORNL-NSF Environ-
mental Program, Oak Ridge
National Laboratory, Oak Ridge
Ten(isseeg July, 1973

" Staff Report: National
Study Commission on Water Quality,

Subjects covered are mass transit, automotive
controls, wastewater treatment, solid waste
management, air pollution, and waste heat, as
wel] as recycling and energy recovery. The
intent is to find operating energy for the
contro) systems. The data cover only direct
engrgy, not that of raw materials and disposal.
The procedugeris to evaluate anergy implications
of stringeit standards upon 1970 emissions
Tevels. The report contains linited explapatory
or interpretive remarks on how engrgy Costs were
derived gr multiplied to the national level.

Municipal, industrial, and electric utility
vastevater and thermal discharges are discussed:
Fstimates are given for capital and operating
costs to meef 1977 effluent standards, including
needs for new minicipal sewage treatment plants.
Direct energy costs are presented for power
plant Coskng towers.

A ful] fnvestigation of all aspects of achieving
WE@ﬂSEtﬁﬁhﬁrW%inme%@ﬁl
Water Pollution Control Amendments of 1972,

Fnergy estimates are rot enphasized in this study.

/

|
|
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TABLE A-2

 CONPHRISO OF ESTIVATES OF ENERGY CONSUMPTION FOR POLLUTION ABATEMENT;

Joer Plant Thermal Hunicipal Hagte- Industrial Water  Power Plant Afy
study fear Pollution Contral Water Treatment Pollution Contro] - _Pq‘l]utionfcont__r;cﬂ; Po

—Hater Pollution Contral (1(1],2 Bty Air Pollution Gontrol (1012_51:“)

Industrial Aip
1lution Control

81 (new) 1977 % : 479

305 676
9 5 1o 1079 50) I
151 (old) 1977 i % 28

3 03-32 503
1963 208 253 i

282 - 406 210
Michigan 1977 - - 40, - 124

198] - 236 -y - -
1985 250 - - -

RPA 1980 27 80, 8
eller 1977 - - 8 ] |

Economics of
Clean Hater, (E9) 1977 1
A 1983 192
National ~ {
Commissior 1977 - 137 1 376
193 0 269%% 622

/

* The hig?%r of tho estinates published by the Natijﬁ§1 Conmission on Water Quality. The lower estimte is
45 x 10'¢ gy, : |

b

** Estimate for 1990,




COMMENTS ON OTHER ESTIMATES OF ENERGY CONSUMPTION
FOR CONTROL OF
- AIR AND WATER POLLUTION BY POWER PLANTS

The“mEggpd@109y and assumptions used in the earlier DSI study
are very similar to those of the current study. The old study did
not fully consider the energy equivalent of new capacity required

to replace the electrical generation needed for pollution control
devices. Also, the old study used different estimates of the amount
of generating capacity affected by environmental regulation.

The estimates developed by RPA include only direct energy
requirements for poliution abatement 3md do not include energy cost -
for the disposal of residues or the supply of chemicals, or required
capital energy expenditures for construction of equipment. The
estimates were based on reported energy penalties for abatement
procedures and estimates of the national energy requirements from 7
projections of the Uepartment of Interior and the Hational Petroleum Council.

Abatement for meeting air standards includes a 6 percent of plant
‘output penalty for stack gas scrubbing in 1973 and 5 percent in 1980
(reflecting improvements in technology). 1980 installed scrubbing
capacity is assumed to be 90,000 M4 with a 65 percent power plant load
factor, 98 percepd particulate removal and 9? percent S0 removal. The
1980 e?ergy penalty is estimated as 213 x 1012
control.

Btu for a¥r pollution

\later abatement procedures assume a 3 percent ?nergy penalty of
total plant power output. This amounts to 274 X 1012 Btu in 1980.

Economics of Llean Alr

#

e veport estimates the total direct energy required to operate
woechanical forced draft cooling towers to abate thermal emissions in
07/ and 1983, The report in gencral gives costs in dollars, except
L6 ncedics coal requirements for abatement for power plants. Ho
Gachonp 1aformation on Lie source of the numbers is given. The 12
sotimated snerny penaity for theymal pollution is given as 432 x 10
Bty dn 1a47 . and 702 x 10%e Ly in 1983.

67"



Michigan Study L)

This report recognizes and includes most of the factors required
for total energy accounting. It neglects energy for transporting raw
materials or waste because these are dependent upon the location of
the abatement procedure, and the raw material source or the residue
disposal source. -

This total accounting procedure leads to some errors in the
estimates because many of the numbers required are unavailable. In
these cases, the study used the results of the Herendeen input-output
analysis, which provides coefficients to determine the dollar cost
associated with segments of the national economy. -Unfortunately,
these coefficients were determined based upon the 1963 national ecohomic
activity. Thus, the estimates to not include ‘changes in national
economic activity between 1963 and the projected year 1985, nor do
they include effects of technological change. The report thus uses the
factors 200,000 Btu/1963 $ operating and maintenance ¢dsts and 75,000
Btu/1963 $ of capital expenditure .amortized over the,Tife of the
equipment to estimate process energy requirementsgskén data is
unavailable. These coefficients may not be apprefiate for specific
activities. ¢ e

&

Fortunately, these coefficients were not:-used extensively to
estimate power plant abatement energy requirements. Instead, a detailed
survey was made of power plant generating capacity and abatement needs.
Thus, tie estimates are probably more realistic than estimates presented
by other investigators. For meeting air standards, the report assumed:

® A 6.5 percent energy penalty of total plant output for SO,
and particulate removal ’ ’

® Thirty percent of national energy is vvad for electric
power generation ‘ :

8 Forty-two percent of power plant fuels arb-coal and 13
percent o1}
e for coal, 30 percen: low sulfur coal, 50 percent high .
sulfur coal, and 20 percent synthetic fuels derived from
coal
e For oil, 50 percent low sulfur oil and 50 percent high f
sulfur oil
® 0.01 percent of national encrgy requivements requived for
control of particuiata amissians

4 4 ¢

™



e Energy requirements for S0 scrubbing pump power based upon
installed rather-than operating horsepower

e 40-60 percent of abatement energy required for stack gas
reheat in wet scrubbing operations
e For water pollution.control, a 3 percent penalty of téﬁa]
plant output was assumed for cooling towers.
Michigan's estimate of the 1985,%nergy7péna]ties for pollution
abatem?nt by power plants is 800 » 101¢ Btu for water pollution
control. :

9
-

‘Naticnﬁl Commission Study

=  The National Commission on Water Quality was created by the
-~ Congressional Act”of Pullic Law 92 500, the Federal Water Pollution
Control Act Afiendments’ of 1972, to thoroughly investigate "...all
aspects of the total gconomic, social, and environmental effects...”
of the law. The stuE§ was not intended to emphasize energy requirements,
and it did not do sol} : However, the Commission's findings include
estimates of the enerf)y necessary to meet the standards of PL92 500.
’ [ . E
Energy for thermal pollution control is taken from Table I1I-38
.of the National Gumission study. It is not clear from the report
how @nerqgy estimates were developed. The estimates appear to have
been nade from contractors' technology assessments. §

{

~ -
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a"vﬂjrst7$JUd,

“incremental cps

.+ quick conclusion® without explaining’ the assumptions or method§ of
«. calculation. The only national energy total given is 290 x 10'2

7§ COMMENTS ON-OTHER ESTIMATES OF ENERGY CONSUMPTION .
L . _FOR .
MUNICIPAL WASTEWATER TREATMENT

-

/

. r{afThe earlier DSI s;udy employed methodology and assumptions <y
dfferent than those useg in the revision. The old study developed
energy requirements froW¥estimates of: . = .
B : : = , ' . . ) i ‘.E
" 1. "Incremental” costs of new munigipal Wastewater :
. treatment plants .+

2. Uistribution betwéén 10 million gallon per.&ay (MgD) and
100 MGD plafits ' ) v f

-* 3. Costs- ang/ energy consumption of 10 HGD and 100 MGY plants

’ral data andmalies that affected results. First, the
: ts did not increase monotonically ‘between 1977 ahd
1983 as expected. Consequently, the numbers of tertiary treatment

~ plants estimaded for 1983 were incompatible with the projected

funds needed fir.their construction. .

. = A second problem was the assumed distribution between 10 MGD )
and 100 MGD plants. Most (more than 80 percent) of the .existing plants’
in the U. S. are smaller than one MGD, and the distribution of new .
plants is not projected to -deviate dramatically from the existing one. r

A third and probably most important aberration resulted from thé
combination -of costs, plant distribution, and per-plant costs and

‘-energy consumption. In-the old study the total capacity of niew plants

was approximately equal to all the existing capacity of the United States.
Since close to 75 percent of the population is now served by municipal
sewage plants, it is not expected that new capacity will equal 01d.

_ Energy estimates in the earlier study exceeded those presented in
the current report, due-mainly to larger estimates of .new gapacity.

-

' This nger'SUTyeysfa broad field of abatement and presents some
Btu
65 -] ‘
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for electricity for a hypothetical situation of secondary treatment .
. of all wastewater (both industrial and municipal) in 1970.° The

estimate is the product of:
41 kwh/person (secondary Tevel) )
x3 (factor to include industrial‘was
x 205 million total population
x 11,600 Etu/kwh a

4 .

. This survey quotes several other sources
treatment; 1t does not attempt to quantify oth
treatment - disposal process. RPA assumes tha
treatment after 1968 (quoted as 13.5 MB/D oil

1977 and 1980 are 50 x 10'© Btu/year, respecti

Michigan Study =~ ]

This is an ambitious effort that rececni

EPA regulations. Their eigimates of wastewater treatmeaggfnérgy for
© vely., . i .

tes on BOD basis)

as to electricity use in
er energy consumed in the
t all expenses of;
equivalent) are due to

zes and attempts to

quantify the entire range of operating energies. Some of the findings

. are supported by original research. Unlike th
. .. report only the electricity used by treatment
work included analysis of other fuels, as well
with producing chemicals for treatment plants

e other studies, which
plants, the Michigan ,
as the energy associated -
plus' the energy consumed

in fabricating and constructing the plants themselves. These data.
were used for "building-up" an estimate of direct and indirect energy

consumptions for wastewater treatment in 1971,
purposes , Michigan used coefficients from inpu

For,forecasting . '

t/output analysis to

calculate operating energy demands. As a result, their enaygy estimates

are higher than the_others--for 1981 they fore

“capital” energy. The paragraphs below commen

the Michigan approach. -

, Chemical Energy. Hﬁ%higan utilizes a coeffici
%*A\industria1tchemica1s to the energy implicit.in

Ti g

(verage of several specific chemicals. The un
cability of the coefficient to the wastewater
' ¢
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cast 236 x 1012 including %,
t on some aspects of - M

f

ent reiaiing value of
the whele process of

producing them, including manufacture and shipment to'a representative
ttern of locations. These coefficients were éergved by Robert A.

Harendeen based on 1363 .dnput/output .data for the ta

e coefficient chosen was 0.24 x 10° Btd/$ 1963, representing a rough

nited States economy.

certainty in the appli--
treatment chemical paetern
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actually used 1s considerable, but the crossover to energy equivalents
 Is at least indicative of magnitude.

Other Direct Fuels. A limited amount of natyral gas, and of gasoline

- and other ofTs, are used in treatment plants’ These were extrapolated
up to national levels on the basis of volumes of water used per capita,
but the appliﬁab11ity of the sample data to the national census of

p]ants is weak.

\

Total Operating Energy. As an approach to forecasting operating energy
estimates, Michigan utilized a factor of 117,000 Btu/$ 1963 developed
by Herendeen for the category of "Water and Sanitary Services" )
qperations. This was devalued to $ 1972 and appliad to certain
wastewater treatment plant costs estimated by CEQ. .

No attempt was made to forecast 1977 and 1983 using buiVt-up
costs. Using the Herendeen factor, energy costs in the future (based
on constant 1972 dollars) are directly proportional to dollar costs
of operations and, for example, are expected to double by 1981. .The
problem with the coefficient is that it is based on the structure of
the economy in the 1960's, whereas in the 1970's the trend toward tertiary
treatment brings much more intensive_use of electricity and chemicals
(and probably much more automation) than has yet been experienced.
Hence, the use of the coefficient introduces basic uncertainties as to
its real application.

Fotal Capital Energy. The acts of construction invo]yefcons"erabie

energy expenditure, and a Herendeen factorfof 75,000 Btu/$ 1963 to

represent construc 5 15 suggested.-. One prob1em‘*3
t

~ ‘with this coeffictent, is that a significint portion of municipal

wastewiili System costs are for sewer pipe and cxcavations for gathering
lines and storm drains, which are lower in energy consumption than
treatment plant construction. The Michigan Study, however, applied the
factor to the entire expected capital investment. Furthermore, the

’ investment base used (from CEQ sources) included interest and deprecWtion
on total installed sewage plant at the given dates_;ather than tost of
§ctua1 construction over a meaningful period. e

~National Commission

Table 11-19 of -the National Commission report 1lists energy for the
operation and maintenance of publicly.owned treatment works. Energy
given in théusand of barrels of oil equivalent per day has been ‘converted

“to trillions of Btu in Table A-1 of this Appendices.

There is no discussion of the energy eégimates for municipal
Si .

wastewater treatment in the National Commission study.-
; . 67.
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COMMENTS ON OTHER ESTIMATES OF ENERGY CONSUMPTION
: FOR )
- INDUSTRIAL WATER POLLUTION CONTROL

‘\
DS1 (o01d) -

, The methodology employed in the earlier DSI study was nearly
the same as that used for the new one. The major causes of different
results are revised estimates of the investments needed for industrial
water pollution control. »
. . —

s !

Heller Data

One of the Heller Data summaries is a tabulation listing the
"annual, energy increase expected" for 1977 BPCSCA. Neither the source
of these data nor the method of estimation is provided with these
sunmaries. The major consumers, excluding steam-electric power plants,
are listed below, converting from kwh/yezg to Btu/year using an overall
electric thermal efficiency of 32.5 percent, or 10,500 Btu/kwh:

Annugihgngrgyr;ncreasgilﬂ133;u/ye;z

Pulp and Paper 22.0
Fertilizer , 16.0
E Non-ferrous-(aluminum) 15.0
. Petrgleum . 8.4
"Organic Chemicals 6.3
Lron and Steel 3.3
Inorganic Chemicals 3.2
2

Total all Industries . : 7 e
(excluding steam-electric power plants) 82.00

It {s assumed that the above represent the direct energy corsumption
(fuel and electricity) only and do not include the energy associated
with chemical consumption, residuals disposal, and capital construction.

~ RPA's study gives a 1977 naf;anal total. for 26 ?rgpased effluent
wuidelines ‘of 40,000 BPD (85 x_10'e Btu/year). Details on the data and
astimatfon methods are not included. It is noted that it compares
almost exactly with Heller's figure,



e
Michigan, Study

- The Michigan Study presents an estimate of total energy--defined

as fuel, electricfty, and the energy associated with- chemical .
consumption, material flow, and capital construct. This is done by
examining a few examples of end-of-pipe pollution control technology
to determine the relationship between total energy and the operating
and maintenance (0&M) cost and then projecting this to the national
level. The method 1s described briefly below. i L

Electricity is converted to thermal units using an efficiency
of 30 percent (11,400 Btu/kwh). Fuel energy values are used directly
without adding the énergy required by the energy-producing -industries.
Lime was determined as representing two-thirds of the total chemical
usage and, thus, its energy value of 0.17 x 106 Btu/$ (1968) was used
for all chemicals. Capital construction was charged with an_energy
consumption of 60,000 Btu/$ capital (1968), subject to 15-year
depreciation. Two examples were then developed from activated sludge
treatment plant data. One for sewage treatment gave 0.14 x 106 Btu/$
08M (1968),plus fuel, and a mixed sewage-paper mill treatment plant
gave a value of 0.19 x.106.  For an organic chemical industry example,
they report a value obtained from the Dow Chemical Company of 0.2 x 106
Btu/$ 0&M (1968), excluding capital.construction energy, but no
supporting data are included. They conclude from these few examples
that a 1grge, well-operated treatment plant will expend in total energy
0.2 x 10° Btu/§ 084 (1968) and recommend that this be applied to all
Phase I industries. While this approach has considerable appeal
because of its simplicity, an inadequate number of different industries
were examined to permit its application on a national scale with any
degree of reality.

A second point of criticism is their estimation of the operating
and maintenance cost as being 1/6 of the capital cos;ggf a pollution
control facility. - Thi$ was determined from the figures given in the
1972 Economics ofs€lean Water, which reports $12 billdon (1971) total
industry expenditure to meet the effluent guidelines and $2.4 billion
annual costs. The Michigan Study treats the latter as almost all O&M !
costs (52 billion), stating that part, but not the major part, of this

. is interest and dépreciation (a review of the{1972 Econemics of Clean
Water shows that this assumption is incorrect). -

The Hichigan Study has thus estimated the nétignai energy usage
from thig 52 billion Q&M costs, and an energ¥cheffisien§ of .
¢ Btu/year in 1977 for all

0.2 x 10° Btu/$ 0&M (1968), to give 400 x 1
‘industries except steam-electric power plants. B
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' National Commission Study o " o

s The National Commission study 1ists energy requirements by‘i
industrial sector, as was done in this report. However, assumptions
and methodology used to obtain the data are not reported. / Th

o information is apparently taken from contractors' technoldgy,

assessments of each sector, and analytical procedures (and uality)
¥ may vary widely. There is no way to assess the accuracy of the :
findings. Estimates of energy for industrial water pa11uticp;cantr91 L

are found in the National Commission report Table II-35. :

@
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COMMENTS OF OTHER ESTIMA%ES OF ENERGY CDNSUEPTIDH ,
, FOR S S X
INDUSTRIAL AIR POLLUTION CONTROL - '

The metﬁodoicgy for the eari}er DSI étuéy'was qeafly the same as
for the new one. The differences between results of the 61d and
new study are almost entirely due to different projections of

 industrial investments for air pollution conﬁra1,

'13_3 x 10

Michigan Study i o : ‘ | E

The Michigan Study, in which particulate removal was taken as
the major control gro;essucther than 1?gustria1 fuel. combystion, gives
a figure of 6 x 10° kwh/year (6.9 X 10'¢ Btu/year) for thé national
energy -requirement for 'industrial air pollution control. ™

This is based on electrostatic precipitators, cyclones, and
baghouse gi1térs, a total industry particulate emisston for 1970 of
tons/year, an average loading of 5 gr/SCF, and 1.3 BHP/T000 CFM.

7 The estiméte‘is very much on tﬁe‘1cw side, for tt considered only
low energy control equipment; whereas, in fact, many industries require

high pressure drop scrubbers to meet the air standards. - It also
ignores scrubber pumps’and the requirements of absorbers and adsorbers,

which are characteristically large energy users.

- For the energy required for industrial fuel cgmbusti?n, the Michigan

Study gives 0.17 percent of 1970 national total of 69 x_1015 Btu/year or

117 x 1012 Btu/year. Adéihg thedr estimate for particulate removal then

gives a total of 124 x 10127 Btu/Year. . y
For comparison, Hirst gives a total national energy usage for ¥;{

power plants, furnaces, cement plants, incinerators ?Bd fossil fuel ~

cleaning facilities of 39 x 109 kwh/year, or 410 x 10 Btu/year.

=
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